Physico-Chemical Studies on Adsorption and Persistence of Some Organophosphate and Carbamate Pesticides in Soils by Singh, Kishore Kumar
PHYSICO-CHEMICAL STUDIES ON ADSORPTION AND 
PERSISTENCE OF SOME ORGANOPHOSPHATE AND 
CARBAMATE PESTICIDES IN SOILS 
TA^AS 
SUMMARY 
Thesis submitted for the degree of 
©ottor of ^I)rto«opI)p 
' IN 
^ APPLIED CHEMISTRY 
S ; , " ' 
BY 
KISflBRE KQMAR 51?46fl 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING & TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1994 
Ayriculture is the basis of India's economic develop-
ment. The population of India is expected to reach the level 
of one billion by 2000 A.D. Therefore there is an urtjent 
need to increase food production to meet the requirements of 
ever increasing human population. Approximately 1/3 of the 
world's food crops are destroyed by more than 20,000 species 
of insects, nematodes, rodents, weeds and plant pathogens 
duriny growth, harvesting and storage. Losses are even 
higher in the developing countries like India and may exceed 
40% of the potential production. It is reported that India 
is losing annually Rs. 6000/- crores worth of agricultural 
production. Therefore it is essential to control various 
harmful organisms with the help of pesticides to improve 
agricultural production in developing countries. 
A large number of pesticides (Table 1.1) are being 
used for destroying, repelling or reducing a wide range of 
pests in agriculture, forestry and public health today. In 
modern agriculture the role of pesticides can not be over 
emphasised. Its widespread use had played an important role 
in the success of Green Revolution and solving the problem 
of adequate grain production in our country. In spite of 
vigorous efforts made by plant protection workers to 
popularise non-chemical methods to control pests, chemical 
methods still remain one of the most powerful tool for pest 
control particularly when other preventive measures fail. 
Soil serves as a major environmental sink for bulk of 
the pesticides used in agriculture. A portion of the applied 
Table 1.1 Chemical classif ication of pesticides 
Chemical type Example Structure Typical action 
a) Organochlorines p^p'-DDT C I - ^ ^ y>-CH-<C ^yCl Insecticide 
CCI 
b) Organophosphates Malathion 
CH3O 
cHaO-- II 
CH2C00C2H5 
P-5-CHC00C2H5 Insecticide 
c) Carbamates Carbary l 
0—CONHCH3 
V ^ 
Insecticide 
^A<^ 
d) Carboxylic acid 2,^-D 
derivatives 
CI 
C l 4 ^ y^0CH2C00H Herbicide 
e) Substituted Ureas Diuron 
f) Triazines Simazine 
0 
CI \>NHCN(CH3)2 Herbicide 
CI 
CI 
I 
/x 
N N 
Herbicide 
C2H5NHC CNHC2H^ V 
Tab le 1.1 Con td . 
g) Synthetic Pyrethroids Cypermethr in 
0-
CN 
I 
Insecticide 
H - 0 - C - C H - C H - C H = C C l ? 
II \ / 
0 C 
/ \ 
CH3 CH3 
h) Neenn products Nlnnbidin (Azadirachtin) Insecticide 
i ) Others 
(i) Organometallics Pheny lme rcu ry 
acetate 
H g - 0 C 0 - C H 3 f^ungicide 
0 
II 
(i i) Thiocyanates Le thane60 CH3(CH2) ioC-OCH2CH2-5CN Insecticide 
(III) Phenols D in i t r oc reso l ^Q J/ 
NO2 
0 - N a Insecticide 
CH3 
(IV) Formamides Ch lo rd ime fo rm n\// \ \ _ | ^ _ P j , _ ^ , ^ o u - . ^ Insect ic ide C I ' l(CH3)2 
CH3 
pesticides irrespective of crop, applicator ot the 
formulation used, ultimately finds its way into the soil. 
According to several estimates as much as 50% of the 
pesticides applied to the foliage falls on the soil 
depending on the crop canopy and the mode of application. 
The use of chemicals in crop protection is a profit 
induced poisoning of the environment. The concentration of 
pesticide residues in air, soil, flora and fauna is 
continuousy increasing day by day and in the near future it 
may reach the level of poisoning. Hence it is important to 
study the behaviour of pesticides in soil. 
Different types of pesticides are described in 
chapter 1. Malathion is a colourless oil of melting point 
2.8-3.7°C and boiling point 156-157°C at 1 m bar. Technical 
samples with about 95% purity are brown in colour. It is 
relatively stable in aqueous media, readily soluble im most 
organic solvents e.g. alcohols, esters, ketones, ethers and 
aromatic hydrocarbons while slightly soluble in petroleum 
ether, mineral oils and water (145 mg/L at room 
temperature). It possesses predominantly contact action but 
also some alimentary and respiratory action. It is used for 
broad-spectrum insecticidal control of sucking and chewing 
insects including aphids, house flies, mosquitoes, scale 
insects and spider mites on fruits, ornamentals, beans, 
vegetables and stored products as a cholinesterase 
inhibitor. 
Pure carbaryl is a colourless crystalline solid, ra.p. 
142°C and decomposes on distillation. It is readily soluble 
in polar solvents e.g. dimethylformamide, dimethyl 
sulfoxide, acetone, cyclohexanone, isopropanol, xylene, 
water (<0.1% at room temperature). It is used for protecting 
the gooseberries, grapes,tomatoes, cucumbers, rasberries, 
strawberries, blackcurrants, hops, sugar beet seedlings and 
ornamentals. 
There is a great variation in the chemical 
structures of pesticides and in the behaviour of these 
chemicals in soil. There are five possible fates of 
pesticides in the soil : (a) the chemicl may vaporize into 
the atmosphere without chemical change, (b) they may be 
adsorbed by soils, (c) they may move downward through the 
soil in liquid or solution form and be lost from the soil by 
leaching, (d) they may undergo chemical reactions within or 
on the surface of the soil, and (e) they may be broken down 
by soil micro-organisms. 
Adsorption is one of the most significant processes 
affecting its bioactivity, mobility, persistence, toxicity 
and efficacy in soil environment. It appears that the major 
absorbing components viz. the silicates and organic matter, 
are both involved in the adsorption reactions. 
The behaviour of pesticides in soils reemphasizes the 
complexity of the changes that take place when new and 
exotic chemicals are added to the environment. The wisdom is 
seen of evaluating as thoroughly as possible the ecological 
effects of new chemicals before their extensive use is 
permitted. The persistence of pesticides in soil depends to 
a large extent on conditions which influence the rate of 
microbial activity. These conditions include temperature, 
moisture level, soil reaction and soil type. The presence of 
readily available organic matter in soil often increases the 
persistence of pesticides by providing an alternate 
substrate. The adsorption on clay minerals may also decrease 
the rate of detoxification of many of these compounds. Some 
pesticides are not easily biodegradable and tend to persist 
for many years in the environment. This characteristic may 
be advantageous in controlling some pests, it is a 
disadvantage as the chemicals move to the other parts of the 
environment. This leads to the other problem, the 
detrimental effects of the pesticides on organisms other 
than the target pests. As little as 1% of the pesticide 
applied may contact the target organisms, much of the 
remainder moving into the soil. Pesticides not only pose 
potential hazards to man, animal, fish and livestock, but 
they severely affect the desired yield of crop and soil. 
Even the accepted dose of pesticides create deleterious 
effects on soil fertility. 
In this thesis, efforts have been made to study the 
adsorption and persistence of a phosphorus containing 
pesticide, malathion and a carbamate pesticide, carbaryl on 
sandy loam soils of Aligarh (U.P.), sandy soils of Jaipur 
(Rajasthan) and black cotton soils of Banswara (Rajasthan). 
The results obtained are summarised in four chapters. 
Studies on adsorption of malathion pesticide was made 
in two sandy loam soils. The physical and chemical 
properties of soils are given in Table 2.1. Adsorption of 
malathion on sandy loam soils has been studied at 12°, 25° 
and 35+l°C. The Freundlich constants have been calculated 
(table 2.2). The Freundlich constants (k) decrease with an 
increase in temperature. The variation in 1/n with 
temperature has been found to be low. The adsorption is 
found to be dependent on temperature, pH, organic matter, 
exchangeable cations, clay contents of soil and 
environmental conditions. 
The persistence of malathion was studied in sandy 
loam soils fortified at 190 and 380 |ug/g level, moistened at 
field capacity and kept at room temperature (25+5°C). The 
persistence of malathion is more in Sasni block soil than in 
AMU farm soil. The half-life was found to be 24.3 days in 
AMU Farm soil and 19.5-24.8 days in Sasni block soil. The 
data obtained are recorded in Table 3.1. 
The adsorption of carbaryl (insecticide) was studied 
on soils (untreated) and soils free of organic matter. The 
physico-chemical data of untreated and treated soils are 
given in Table 4.1, The adsorption isotherms are given in 
Figs. 4.5-4.8. The values of thermodynamic parameters 
associated with adsorption of carbaryl are described in 
Table 4.3. Simple correlation analysis shows the significant 
influence of organic matter on the adsorption of carbaryl by 
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Table 2.2 : Physical constants of Freundlich isotherms for 
nala thion sorption in S o i l s . 
S o i l 
No. 
A 
T e m p e r a t u r e 
( ° C ) 
12 
25 
35 
1/n 
0 . 4 4 
0 . 6 0 
1.10 
l o g 
- 0 . 3 
- 0 . 5 
- 1 . 2 
k k 
0 .5012 
0 .3161 
0 .0631 
12 
25 
35 
0 . 4 8 
0 . 7 0 
1 .15 
- 0 . 2 
- 0 . 5 
- 1 . 1 
0 .6310 
0 .3162 
0 .0794 
10 
Table 3.1 : Residues of malathion in soil 
Days after Residues in ppm 
application AMU Farm Soil Sasni Block Soil 
0 (1 h) 
190 pg/g 380 pg/g 190 pg/g 380 pg/g 
140 
(12.50) 
80 
(50.00) 
56 
(65.00) 
48 
(70.00) 
34 
(78.70) 
20 
(87.50) 
16 
(90.00) 
12 
(92.50) 
170 
(15.00) 
118 
(41.00) 
74 
(63.00) 
60 
(70.00) 
42 
(79.00) 
32 
(84.00) 
20 
(90.00) 
15 
(92.50) 
190 
(5.00) 
120 
(40.00) 
66 
(67.00) 
48 
(76.00) 
34 
(83.00) 
26 
(87.00) 
14 
(93.00) 
6 
(97.00) 
300 
(6.60) 
200 
(42.80) 
190 
(40.5) 
80 
(77.14) 
60 
(82.85) 
50 
(85.71) 
20 
(94.28) 
10 
(97.14) 
7 
15 
30 
45 
60 
90 
120 N.D. N.D. N.D. N.D. 
Figures in parentheses denote percentage diss ipat ion 
N.D. = Non-detectable. 
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untreated soils. In case of organic matter free soils, 
adsorption is found to be correlated with the clay content 
and specific surface area. It is observed that the clay 
content of the soil (organic matter-free) accounts for a 
very large proportion of the variation in adsorption (k 
value). Exothermic nature of adsorption illustrates its 
temperature dependence. Evaluation of thermodynamic 
parameters indicates the physical nature of adsorption. The 
changes in the standard free energy ( A G ° ) , enthalpy { A H ° ) 
and entropy { As°) are evaluated from the adsorption data at 
40, 25 and 5°C. Table 4.3 shows that A G° values are small 
and negative for all the adsorbate-adsorbent interactions. 
It varies from -14 to -16 KJ mol and increases, in most 
cases, with decrease of temperature, indicating spontaneous 
nature of the adsorption processes. The values of A H ° are 
small and negative indicating physical type of adsorption. 
The values of As° lie between 63.54 and 76.48 JK~'^ mol~''". 
Such values suggest that the adsorbate molecules are 
somewhat ordered on the adsorbate surface. The deviations 
from such molecular associations are indicated by the 
positive values of As°. 
Persistence of carbaryl was studied in soils 
fortified at 17-24 pg/g and 34.48 jug/g level, moistened at 
field capacity and kept at room temperature (35+5°C). The 
persistence of carbaryl was more in Banswara black cotton 
soil than in Jaipur sandy soil. The half-life varied from 10 
to 10.81 days in Jaipur sandy soil and 14 to 15.75 days in 
18 
Banswara black cotton soil. The increase in the rate of 
application slightly reduced the rate of dissipation of 
carbaryl in both the soils. The data obtained are recorded 
in Table 5.1. 
19 
Table 5.1 : Residues of carbaryl in soils 
Days after Residues in ppm 
application 
Jaipur Sandy Soil Banswara Black Cotton 
Soil 
1 7 . 2 4 |ug/g 34 .48 jug/g 1 7 . 2 4 jug/g 34.48 /ag/g 
0 (h) 1 2 . 6 0 25 .92 1 2 . 8 6 26.00 
( 2 6 . 9 1 ) ( 2 4 . 8 2 ) ( 2 5 . 4 0 ) (24 .59) 
4 9 .60 19 .24 1 0 . 0 0 20.12 
(43.85) (44.19) (41.99) (41.64) 
8 6.24 12.86 6.56 14.12 
(63.80) (62.70) (61.94) (59.04) 
16 5.04 10.26 5.86 11.24 
(70.76) (70.24) (66.00) (67.40) 
3C 3.20 6.52 3.56 7.36 
(81.43) (81.09) (79.35) (78.65) 
45 0.56 1.40 0.70 1.80 
(96.75) (95.93) (95.93) (94.77) 
60 0.12 0.40 0.24 0.70 
(99.30) (98.83) (98.60) (97.96) 
75 N.D. N.D. N.D. N.D. 
Figures in parentheses denote percentage dissipation. 
N.D. = Non-detectable 
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LIST OF ABBREVIATIONS 
a. 1. 
ATP 
BHC 
CEC 
CIPC 
Coen 3 + 3 
C F 
MCPA 
2,4-D 
DA 
DDT 
DMMP 
DNA 
dSm""'" 
DW 
EC 
ECe 
A H° 
A s° 
ESP 
h 
HCH 
ID 
IPC 
JK~-'-mol 
KJ mol 
-1 
-1 
Active ingredient 
Adenosine triphosphate 
Benzene hexachloride 
Cation exchange capacity 
Chloropropham 
3+ Coenzytne-
Chlordimeform 
4-[(Chloro-o-totlyl)oxy] acetic acid 
2, 4-Dichlorophenoxy acetic acid 
N,N-Dimethyl-oxamic acid 
Dichloro diphenyl trichloroethane 
Dimethyl methylphosphonate 
Diribose nucleic acid 
Deci Simon per metre 
Distilled water 
Electrical conductivity 
Electrical conductivity of saturated extract 
Enthalpy 
Entropy 
Exchangeable sodium percentage 
Hour 
1,2,3,4,5,6-Hexachlorocyclohexane 
Internal diameter 
Isopropyl carbamate 
Joule per kilogram per mole 
Kilo joule per mole 
(i) 
^°50 
m. e. 
mbar 
MH 
M.S.L. 
€ 
N.D. 
O.M. 
O.P. 
Si°2=^2°3 
SOM 
Sp. 
A G" 
2,4,5-
2,3,6-
TCA 
WDP 
-T 
-TBA 
Lethal dosecn 
Milliequivalent 
Millibar 
Maleic hydrazide 
Mean sea level 
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ABSTRACT 
The pesticides are being commonly used for pest 
control in agriculture, forestry and public health. In 
agriculture, an increase in production is directly linked 
with a reduction in losses due to adverse biological factors 
such as insects, weeds, fungi and nematodes, which are 
controlled effectively by using pesticides. Indiscriminate 
and frequent use of pesticides on the other hand, has many 
adverse effects on the environment and their concentration 
is increasing day by day in environmental components such as 
air, water, vegetation, soil and marine animals. Even the 
accepted dose of pesticides creates deleterious effects on 
soil fertility. Hence it is important to examine the 
behaviour of pesticides in the soil and estimate the level 
of these pollutants in our ecosystem. A thorough evaluation 
of the ecological effects of the new chemicals becomes 
necessary before their extensive use is permitted. 
Instrumental technique of spectrophotometry has 
been utilized for the analysis of pesticides in soils. The 
research work presented in this thesis is related to the 
studies on adsorption and persistence of organophosphate and 
carbamate pesticides in soils. 
In chapter 1, various types of pesticides and soils 
are described. A brief account of adsorption, persistence 
and objectives of the study is given. In chapter 2, 
adsorption of malathion has been studied on sandy loam soils 
of Aligarh, Uttar Pradesh. In chapter 3, persistence studies 
of malathion on the above soils are presented. Adsorption 
studies of carbaryl influenced by SOM on the above soils are 
described in chapter 4. Chapter 5 deals with the persistence 
of carbaryl on sandy soils of Jaipur and black cotton soils 
of Banswara, Rajasthan. 
(vii) 
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CHAPTER _ 1 
GENERAL INTRODUCTION 
A. PESTICIDES 
1 2 3 Numerous chemicals ' ' are being used in the form of 
granules, dusts, powders and sprays in order to incease the 
production of agricultural farms. Pesticides is a term used 
in a broader sense for products, synthetic or natural, 
utiliized for the control of insects, pests, fungi, 
bacteria, weeds, nematodes, rodents etc. 
Men and animals are exposed to these chemicals during 
manufacture, distribution, application, consumption of food 
contaminated with them or through ecological disturbance. At 
present more than 10,000 different pesticides have been 
prepared. 
Pliny proposed the use of arsenic to kill insects as 
early as about 70 A.D. The Chinese used arsenic sulphide in 
the late sixteenth century. Since the early nineteenth 
century, certain inorganic compounds like lead arsenate, 
Paris Green (copper arsenite and acetate), sodium fluo-
silicate, zinc phosphide etc. have been used as insecti-
cides. It was not realized at that time that arsenical 
pesticides could persist in soil upto forty years. 
The era of synthetic organic pesticides began around 
1940. The commonly known insecticide DDT was originally 
synthesized in 1874 and rediscovered as an insecticide in 
19 39. DDT was soon followed by benzene hexachloride (BHC). 
Since then thousands of compounds have been synthesized and 
used in agricultural farms. 
1- Classification of Pesticides 
Pesticides are broadly classified according to their 
general chemical nature into seven principal types (Table 
1.1). 
a) Organochlorines or Chlorinated Hydrocarbons 
These include DDT, BHC, endosulfan, aldrin, 
heptachlor, toxaphene, chlordane etc. They are not 
biodegradable and are persistent in the environment for a 
long period. They are readily soluble in lipids and even a 
low concentration of these pesticides may accumulate in the 
body fat of mammals that might pose problems in the long run. 
Organochlorine pesticides have a special significance in 
water as they are picked up by micro-organisms mainly 
unicellular micro-organisms like zooplankton. Fish consume 
these micro-organisms and in this way pesticides residues 
enter the food chain. This process is known as 
biomagnification. 
Organochlorine >• Aquatic > Zooplankton > Fish 
pesticide system 
V 
Mammals and Birds 
Recommended dose of chlorinated pesticides ranged 
from 8 to 10 Kg per hectare. Organochlorine pesticides such 
as DDT, BHC, HCH, aldrin, chlordane, heptachlor persist in 
the soil for many years and even decades. 
b) Organophosphates (OP) or Phosphorus Containing Pesticides 
These include diazinon, dimecron, dimethoate, 
malathion, parathion and phenthoate. More potent and 
comparatively less persistent organophosphates (OP) have an 
advantage of having a non-lipophilic nature, moderate 
persistence, systemic nature and more potency than 
chlorinated pesticides. They are sparingly soluble in water 
and biological fluids- They are highly toxic since they 
inhibit the activity of enzymes. 
The recommended dose of OP ranged from 4 to 5 Kg/ha. 
However, because of high toxicity of OP compounds to higher 
animals, the risk factor was higher because of irreversible 
nature of their effects-
c) Carbamates 
These include carbaryl, carbofuran etc. They are 
relatively soluble in water. They have reversible mode of 
action, less persistence, systemic nature and adequate 
potency against crop pests. Normally they do not accumulate 
in tissues and are rapidly excreted when ingested. Thus 
these were considered to be less toxic than O.P. The widely 
used carbamate pesticide is isopropyl carbamate (IPC). 
d) Carboxylic Acid Derivatives 
These include TCA, dalapon, 2,3,6-TBA, dicamba, 
fenac, 2,4-D, 2,4,5-T, silvex and MCPA. They are considered 
as a potent source of environmental hazards, especially when 
their degradation products remain active in the environment 
after desired purpose is over. They are used as herbicides 
both on agricultural lands and in eradicating weeds in non-
productive areas such as roadsides and electric transmission 
lines. Biologically, the phenoxyalkanoic acid compounds are 
not particularly stable. In soils these are fairly readily 
broken down. In the aquatic environment the anaerobic 
micro-organisms which often predominate are not always 
effective in degrading these compounds. In aerobic 
conditions phenoxyalkanoic acid derivatives do not seem to 
persist. 
e) Substituted Ureas 
The substituted ureas such as monuron and diuron form 
another common class of biocides. These are primarily 
herbicides. Their solublility in water is generally low. 
These do not create problems of persistence and accumulation 
due to their facile environmental reactions. These are 
moderately unstable. These fairly readily undergo dealky-
lation and dearylation. Therefore, they are of local concern 
only in the area and period of application. 
f) Triazines 
The triazines such as atrazine and simazine are used 
in large quantities as a pre-emergent herbicide in corn 
fields. Biologically, dealkylation and substitution are the 
major routes of metabolic breakdown. In soils, dealkylation 
appears to be the major route. There is a considerable 
persistence of the resulting products. In aerobic aqueous 
systems, including moist substitution of a hydroxyl group 
for the chlorine atom precedes ring cleavage and complete 
degradation. In anaerobic sediments, the breakdown is likely 
to be slow. Hence triazines may be of concern in the 
environment. 
g) Synthetic Pyrethroids 
This group includes cypermethrin, deltamethrin and 
fenvalerate which are commonly used in Indian agriculture. 
They are very stable in sunlight. These are effective 
against agricultural pests when used at low rate of 0.1 lb 
per acre. Cypermethrin is effective against biting and 
sucking insects, cowpea mosaic virus. The recommended dose 
of pyrethroids ranged from 25 to 500 gm a.i./ha. 
h) Neem Products/Neem Based Formulations 
The versatile Neem tree is a wonder. The limonoids 
present in it and its products have made it a harmless and 
useful insecticide, bactericide, fungicide, pesticide etc. 
It is likely to provide a solution to many of our incurable 
diseases. Neem crudes such as its kernel crush and oil which 
are the potential source of bio-actives were formulated as 
ready to use dust and water dispersible powder and emulsi-
fiable concentrate respectively. 
i) Others 
It includes thiocyanates, dinitrophenols, formamides 
and organometallics etc. Thiocyanates have creosote like 
odours, are relatively safe to use around humans and 
animals, and give astonishing quick knockdown of flying 
insects. They interfere with cellular respiration and 
Table 1.1 Chemical classif ication of pesticides 
Chemical type Example Structure Typical adic 
a) Organochlorines p^p'-DDT C I - 4 / / ^ ' ^ \ \ / CI Insecticide 
CCI 
b) Organophosphates Malathion 
CH3O 
c H a O ^ II 
CH2COOC2H5 
P-S-CHC00C2H5 Insecticide 
c) Carbamates Carbary l 
d) Carboxylic acid 2,A-D 
derivatives 
0—CONHCH3 
y ^ 
Insecticidf 
W ^ 
CI 
C1<C ^ 0 C H 2 C 0 0 H Herbicide 
e) Substituted Ureas Diuron 
0 
Ci-</ \>NHCN(CH3)2 
CI 
Herbicide 
f) Trjazines Simazine 
N N 
C2H5NHC CNHCoHc 
Herbicide 
Table 1.1 Contd. 
9) Synthetic Pyrethroids Cypermethrln CN Insecticide 
o\ / I  \ / 
0 C 
/ \ 
CH3 CH3 
h) Neem products Nimbidin (Azadirachtin) Insecticide 
i ) Others 
(i) OrganometaUlcs Phenylmercury X \ _ H g — O C O - C H 3 f^ungicide 
acetate V V 
0 
II 
(li) Thiocyanates Lethane60 CH3(CH2)ioC-OCH2CH2-5CN Insecticide 
NO2 
(iii) Phenols Dlnitrocresol NO —<^ ^ ^ ^ - 0 —Na Insecticide 
CH3 
(iV) Formamides Chlordimeform ^ j / / y - N = CH-N(CH3) insecticide 
CH3 
8 
metabolism. They are used around horses and other farm 
animals. The nitrophenols have been used as ovicides, 
insecticides, acaricides, herbicides, fungicides and blossom 
thinning agents. They are quite toxic and their use resulted 
in several widely publicized deaths- The formadines comprise 
a very new, small, but promising group of insecticides. Two 
examples are chlordimeform and amitraz. They are used in the 
control of organophosphates and carbamate resistant pests. 
Their mode of action is the inhibition of an enzyme, 
monoamine oxidase. The mode of action of organotins is 
believed to be the inhibition of oxidative phosphorylation 
at the site of dinitrophenol uncoupling. This inhibition 
reduces substantially, and in the case of mites, fatally, 
the availability of energy in the form of adenosine 
triphosphate (ATP). The trialkyl tins also inhibit photo-
phosphorylation in chloroplasts and can thus serve as 
algicides. 
2. Degradation of Pesticides 
a) Degradation by Sunlight 
The degradation processes may lead to the formation 
of new chemical compounds that may be reduced in toxicity to 
aquatic bioata or in some cases increased in toxicity. For 
example, photooxidation of aldrin produces dieldrin which is 
of higher toxicity, while photooxidation of dieldrin or 
aldrin to photoaldrin or photodieldrin may further increase 
toxicity (Table 1.2). 
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Degradation of pesticides may occur by either 
chemical or biological processes or by a combination of 
both. Important chemical reactions include oxidation, 
reduction, hydrolysis and other nuclear reactions and other 
reactions such as isomerization, internal cyclization, and 
elimination. 
b) Degradation by Microorganisms and Soils 
Pesticides are either used in agriculture or in 
public health . Soil is the ultimate sink of pesticides. In 
environment pesticides are acted upon by a combination of 
inter-related physico-chemical factors and microorganisms. 
Physico-chemical transformations lead to incomplete 
degradation with the formation of products that continue to 
pose bioaccumulation threat. Pesticides are completely 
degraded by microorganisms, the role of some of which is now 
well established. Bacteria, fungi, actinomycetes, yeasts and 
algae derived from soil and water have been shown to degrade 
5 
pesticides (Table 1.3). 
c) Degradation and Disposal of Pesticides by Plants 
Pesticides come in contact with plants either from 
direct application in pest control or by uptake from soil. 
Horticultural crops, inclusive of ornamental flowers are 
sprayed directly. It has become an established practice in 
India. Different types of pesticides have been recovered 
from apples, mangoes, cherries, grapes, banana, cauliflower, 
11 
Table 1.3 : Microbial species 
pesticides. 
capable of degrading 
Micro-organisms Pesticides degraded 
BACTERIA 
Achromobacter sp. 
Agrobacterium sp. 
Arthobacter sp. 
Bacillus sp. 
Clostridium sp. 
Corynebacterium sp. 
Flavobacterium sp. 
Micrococcus sp. 
Pseudomonas sp. 
ACTINOMYCETES 
Norcardia 
Actinomyces 
Streptomyces 
Thermophillic 
FUNGI 
Asperg i l lu s 
Helminthosporium 
Trichoderma 
DDT, c a r b a r y l , a l d r i n , 
Organophosphate, l indane 
e t c . 
DDT and other ch lor ina ted 
p e s t i c i d e s . 
Organophosphates, DDT 
ALGAE 
Chlorella 
Nitzchia 
Organophosphates, DDT 
12 
Table 1.^ B io t rans format ion react ions 
A romat i c hydroxylat ion // \ ) ^(/ v~OH 
Aliphatic hydroxylat ion RCH3 ^ RCH2OH 
0-Dealkylat ion 
N-Oxide format ion 
^ ^ OCH2R •^ > 0 H -HRCHO 
R-N(CH3)2 - R - N ( C H 3 ) 2 
N-Dealkylation (} ^ N H C H 2 R * / ^ N H C H R - ^ /^ \N 
Oesulfuration —^p = S - - ^ H P = 0 
1 
OH 
NH2tRCH0 
Sulfide iLxidat ion R — S — R ' — ^ R — S O — R ' — ^ R — SO2 — R' 
S 
II 
Oeesteri f ication ( R 0 ) 2 P — 0 Ar *• (R0)2PS0H-H HOAr 
Epoxidation 
Mixed func t ion oxidase catalyzed biotransformat ion of Nenobioties 
RH ,RH 
NDPH.^ tp (OX) K^  ,X(red)^ .(Fe^"*") 
N A D P ^ t p ( r e d ) ^ X l O X ) " ^ P-A50 
(Fe2+)_ 
of' 
P- / i50 
(Fe3 + ) 
RH 
I 
P - 4 5 0 - O 2 
' ( F e 2 + ) 
ROH-KH20 
13 
tomato and other vegetables and also from cash crops such as 
sugarcane, cotton, tea etc. 
Cyclodiene insecticides are readily translocated in 
plants. Some of the members of this group are rendered more 
toxic by biotransformation within the plant. Spinach is 
known to convert parathion to paraoxon which is thrice as 
toxic as the parent compound. Dechlorination, alkylation 
(possibly converting an innocuous compound to a carcinogen 
or procarcinogen) as well as conjugations have been detected 
in plants. Plants can also degrade pesticide by stepwise 
reactions making a highly toxic insecticide such as 
disulfoton to disulfoton sulfone reducing the toxicity by an 
order or two. 
There is scope for transmitting the information for 
dechlorination and dealkylation contained in plants to non-
pathogenic microorganisms by DNA recombinant technology. It 
would also be useful to study the migration of a given 
pesticide in a typical plant ecosystem preferably maintained 
in a pot culture under controlled conditions. These studies 
are called for to build a data base on the diversity of 
biotransformation reactions mediated by plants in 
conjugation with soil bacteria (Table 1.4). 
B. SOILS 
Soil is a dynamic natural body developed as a result 
of pedogenic processes during and after weathering of rocks, 
consisting of mineral and organic constituents, possessing 
14 
definite chemical, physical, mineralogical and biological 
properties, having a variable depth over the surface of the 
earth and providing a medium for plant growth for 
7 
terrestrial plants . 
As early as 5000 B.C., the Vedas and the Upanishads 
as well as other ancient Indian documents mention soil as 
synonymous with land - the Mother - supporting and 
nourishing all life on the earth. Soils have been cultivated 
intensively for at least 5500 years. Soil is of fundamental 
importance and value to man. More than five billion people 
depend upon it for food and fibre. Use of soils for growing 
crops is known to men from time immemorial i.e. from vedic 
period. By the Budhist period, the general principles of 
agricultural operations such as ploughing, sowing and 
irrigation had been well understood. During the seventeenth 
century, an attempt was made in Europe to apply the 
knowledge of physical sciences, especially chemistry to the 
improvement of soils and agriculture. Study of soil 
behaviour as an agricultural material took a new turn with 
the study of colloidal matter of soil at the beginning of 
current century. The great importance of the study and 
research in the field of clay minerals, soil chemistry, soil 
biochemistry, soil microbiology and soil pollution was 
realised soon and people began to study soils in a 
scientific manner . 
15 
1- Classification of Soils 
To Study soils satisfactorily and to use them for the 
benefit of humankind, some sort of classification is 
necessary. The value of field experimental work is 
restricted and may even be misleading unless the relation of 
one soil to another is known. 
The history of the classification of soils suggests 
three kinds of concepts : (a) soils as a habitat for crops, 
(b) soils as a superficial mantle of weathered rock, and (c) 
soils as natural bodies. The concept of soils as the 
uppermost mantle of weathered rock may too have been in the 
minds of our ancient ancestors. However, it was not until 
geology became a science in the late eighteenth and early 
nineteenth centuries that this concept became prominent. 
While in no way replacing the "plant media" concept, it 
brought into being such terms of classification as "sandy" 
and "clayey" soils as well as "limestone" soils and "lake-
laid" soils, these terms have a geological connotation. 
The Russian soil scientist V.V. Dokuchaev and his 
associates were the first to develop the concept of soils as 
natural bodies that were subject to classification. Further, 
they noted a definite relationship among climate, 
vegetation, and soil characteristics. Dokuchaev's monograph 
in 1883 developed this thesis. Some of the terms used until 
recent times in the United States to describe soils were of 
Russian origin, examples being chernozem (black earth) and 
Podzol (under ash). 
16 
The latest comprehensive soil classification system, 
called Soil Taxonomy (Soil Survey Staff, 1975) maintains the 
natural body concept and has two other major features that 
make it most useful. First, the primary bases for 
identifying different classes in the system are the 
properties of soils, properties that can be measured 
quantitatively either in the field or in the laboratory. The 
second significant feature of Soil Taxonomy is the nomen-
clature employed, especially for the broader classification 
categories. 
Taxonomy (derived from the Greek taxis, meaning 
"arrangement" or "order") is the systematic grouping of 
similar things; soil taxonomy is the scientific grouping of 
similar soils. The U.S. Soil Classification System 
officially adopted in 1965, the most general category is 
called order. There are six categories of classification in 
Soil Taxonomy : (a) order (the broadest category), (b) 
suborder (c) great group, (d) subgroup, (e) family, and (f) 
series (the most specific category). All world soils are 
placed into 10 orders; in the United States these are 
subdivided into 47 suborders, 185 great groups, 970 
subgroups, 4500 families, and more than 10,500 soil series. 
As a brief orientation, simple descriptions of the 10 orders 
are given in Table 1.5. 
The 10 soil orders are categorized by the nature of 
the developed pedogenic horizons they contain, by the degree 
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of mineral weathering (oxisols and to some extent ultisols), 
by the importance of swelling clay contents (vertisols), and 
by being organic soils (Histosols). 
India has a geographical area of 327.46 million ha 
(3,274,690 km^) and lies between latitude of 8° and 37°N and 
longitude of 69° and 93°E. A knowledge of the kinds and 
distribution of soils is essential for a proper appraisal of 
their productivity and assessment of input requirements and 
in turn relative response to them. In the ancient period 
(2500 B.C. - 1200 A.D.), we find reference to two classes of 
soil, viz. Urvara (fertile) and anurvara or usara (barren). 
The earliest scientific soil studies date back from 1898, 
when J.W. Leather, the first Imperial Agricultural Chemist 
of the Imperial (Non Indian) Agricultural Research 
Institute, New Delhi did pioneering work on soils of India. 
Leather distinguished four major soil groups, viz. the 
Indo-Gangetic alluvium, the regurs or black soils, red soils 
lying on metamorphic rocks and the lateritic soils. These 
soils received a major attention. Even today these four 
groups constitute the soils covering a major area of India-
These generalized soil groups cover wide areas, having 
7 
divergent climate, vegetation and physiography . 
Schokalskaya (1932) prepared the first soil map of 
India (Fig. 1.1) and classified the soils on the basis of 
the existing knowledge of Russian pedological principles . 
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Govindarajan (1965) divided the soils of India into 
24 major soil groups. Raychaudhuri and Govindarajan (1971) 
revised the soil map of India giving the equivalents of 
different soil groups in US comprehensive system of soil 
classification. The National Bureau of Soil Survey and Land 
Use Planning (1983) prepared a soil map using the units of 
Soil Taxonomy. Most widely represented soil groups of India 
giving their salient properties and equivalents in the US 
9 
comprehensive system of soil classification are : 
a) Alluvial Soils 
The name alluvial soils is given to sois which have 
developed on alluvium irrespective of their profile 
development. By definition, alluvial soils are formed on 
parent materials transported by different agencies, viz. 
water, ice, gravity and wind. They are by far the largest 
and the most important group of soils for crop production. 
They represent the most fertile agricultural land and occupy 
an estimated area of 50 million ha in the Indo-Gangetic 
plain and the Brahmaputra valley. These soils are widely 
distributed in Punjab, Haryana, Uttar Pradesh, Madhya 
Pradesh, Bihar, West Bengal, Assam and coastal regions of 
Orissa, Andhra Pradesh, Tamil Nadu, Kerala, Gujarat etc. 
These soils have a wide range of soil characteris-
tics, viz. acid to alkaline, sandy to clayey, normal to 
saline, sodic and calcareous, shallow to very deep. The 
soils are generally variable in colour depending upon the 
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source of parent material and calcareousness. Their textures 
are variable ranging from very coarse to fine. They are 
inherently rich in plant nutrients. In general they are 
fairly sufficient in phosphorus and well supplied with 
potassium, but are deficient in nitrogen and organic matter 
contents. They produce a wide variety of crops including 
rice, wheat, sugarcane, jute and potato. 
Most of the alluvial soils of India have been 
classified in the orders Entisols, Inceptisols and Alfisols. 
b) Black Soils 
Typical soils derived from the Deccan trap, and 
having developed under semi-arid and sub-humid climatic 
conditions under grass vegetation are known as black soils. 
As far as their colour is concerned, these soils are 
comparable with the chernozems of Russia and the Prairie 
soils of the cotton growing states of the USA, but differ in 
their physico-chemical properties. Simonson (1954) 
considered these soils comparable with 'Grumusols' of the 
USA. These are locally known as Regur, Karail and Bhal. 
These soils are commonly observed in Maharashtra, Western 
parts of Madhya Pradesh, Gujarat and some parts of Andhra 
Pradesh and Tamil Nadu. Black soils occupy an estimated area 
or 54 million ha. According to Raychaudhuri and Govindarajan 
(1971), the shallow to deep black and their associated mixed 
red and black soils occupy an area of about 74 million ha. 
22 
The soils are highly argillaceous, with clay content 
varying from 30 to 80%. The clay is dominantly smectitde in 
nature with high coefficient of expansion and contraction. 
The soils are characterized by high swelling and shrinkage, 
plasticity and stickiness. Structure in the surface soil is 
crumb or granular, and subangular to angular blocky in the 
subhorizons. The soils have impeded drainage and low 
permeability. Water contents at saturation, 1/3-bar, and 
15-bar are high. The soils are generally calcareous, neutral 
to slightly alkaline in reaction {pH values ranging from 7.8 
to 9.0). The smectite type of clay mineral is dominant. The 
silica/sesquioxide ratio of the clays varies from 3 to 3.5. 
High cation exchange capacity (30-55 m.e./lOO g)^ complete 
base saturation, high content of exchangeable calcium and 
magnesium are characteristics of these soils. They are poor 
in nitrogen and available phosphorus. The black colour of 
these soils is due to clay-humus complexes and/or the 
presence of titaniferrous magnetite mineral and not due to 
organic matter content which is low (0.5 to 1.0%). Their 
3 
bulk density is generally high (1.5 to 1.8 g/cm ) because of 
shrinking on drying. 
These soils are predominantly used for growing 
cotton, millet, sorghum in Madhya Pradesh, Andhra Pradesh, 
Gujarat and Maharashtra states of India. Shallow black soils 
on slopes have been classified in the order Entisols and 
Inceptisols while the deep and medium black soils in the 
order vertisols. 
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c) Red Soils 
Red soils, generally red or reddish-brown, are 
derived from granites, gneiss, and other metamorphic rocks, 
either in situ or from the decomposed rock materials under 
subtropical climatic conditions. These soils are formed 
under well drained condition. Eluviation and illuviation of 
clay, iron, aluminium and bases are the main soil forming 
processes. Red soils occur extensively in Andhra Pradesh, 
Assam, Bihar, Goa, Daman and Diu, parts of Kerala, 
Maharashtra, Karnataka, major parts of Tamil Nadu and West 
Bengal. They cover an estimated area of 55 m ha. 
The main features of red soils are lighter texture, 
friable structure, absence of lime concretions and free 
CaCO- and low contents of soluble salts. The soils are 
slightly acidic to slightly alkaline (pH 6.3 to 8.0), medium 
in cation exchange capacity (10 to 20 m.e./lOO g), and near 
base saturated. The dominant clay mineral is kaolinite with 
an admixture of illite. SiO-/sesquioxide ratio (in clays) is 
2.5 to 3.0 but the amounts of iron and aluminium are 
generally high (30 to 40%). The C:N ratio is around 10. 
The colour of the soils is red to yellow, wich is due to 
coatings of ferric oxides on the soil particles, rather than 
to a high proportion of the iron content. It is red when the 
ferric oxide occurs as haematite or anhydrous FeO, and 
yellow when the ferric oxide occurs in the hydrated form, 
e.g. limonite. These soils are well drained. Maize, wheat, 
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millets, groundnut and pigeonpea are some of the cultivated 
crops in the red soil areas. Some portions of red soils are 
also under forests. Most of the red soils have been 
classified in Alfisols. 
d) Laterites and Lateritic Soils 
Laterite is a geological term and means literally a 
rock. The lateritic soils are those in which laterization is 
the dominant soil forming process, i.e. eluviation of silica 
and enrichment with oxides of iron and aluminium. The term 
laterite was originally coined by Buchanan (1807) for the 
highly ferruginous, vesicular and apparently unstratified 
deposits observed in Malabar hills (India). The soils are 
rich in sesquioxides, devoid of bases and primary silicate 
minerals. They are hard or capable of hardening when exposed 
to drying after wetting and turn as hard brick-like 
materials which are used as bricks for construction of 
houses. Lateritic soils are usually characterized by a 
compact of vesicular structure, composed essentially of a 
mixture of the hydrated oxides of iron and aluminium with 
small amounts of manganese oxides, titania, etc. 
Lateritic soils are characterized by a low silica/ 
sesquioxide ratio (SiOj : R2°3^ ^"^ almost complete absence 
of alkali and alkaline earth oxides. Developed in higher 
situation they are usually pale, gritty, shallow and poor in 
plant nutrients, whereas those at lower levels are of fine 
texture, and darker hue, richer in nutrients and organic 
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matter. All lateritic soils are very poor in calcium and 
magnesium but are generally well drained and porous. The pH 
of lateritic soils is generally low. The higher the 
elevation, the more acidic are the soils. The soil clays are 
kaolinitic, sometimes with traces of illite. The CEC's are 
also very low (2 to 7 m.e./lOO g). Gibbsite is generally 
absent. 
The well developed laterites occur on hill tops and 
plateau of Orissa, Maharashtra, Malabar, West Bengal, 
Kerala, Tamil Nadu and Assam. The lateritic soils are more 
widely distributed and occupy 24.8 million ha. On laterites 
at lower elevation rice and banana is grown and on those at 
higher elevations plantation crops such as tea, coffee, 
cinchona, rubber and cashew grow under good soil management. 
Most of the lateritic soils have been classified in 
the order Ultisols and a few under Oxisols. 
Apart from the four major soil groups, there are 
several other soil groups which, although of great practical 
significance, are of local interest. Some such soil groups 
are discussed below : 
e) Saline and Alkali Soils 
In India, salt affected soils are mainly confined to 
the arid and semi-arid regions. They are intrazonal as they 
are interspersed with other zonal soils dominant of the 
tract. They are estimated to occupy 7 million ha; of which 
about 5 0% are in the Indo-Gangetic plain, 30% occur among 
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black cotton soils (vertisols) and the remaining 20% are in 
the coastal regions of India. In the Indo-Gangetic plain, 
whereas sodic soils occur in regions with an annual rainfall 
of 500 to 900 mm, the sodic soils predominate in regions 
with an annual rainfall generally <500 mm. 
In India, the salt-affected soils have been observed 
since ancient times (2500 B.C.) when such soils were termed 
as usar (Raychaudhuri and Govindarajan, 1970). In the 
genetic system, they were classified as Solonchaks or 
solonets depending on their nature (saline or sodic). 
The salts deposited are carbonates, sulphates and 
chlorides of sodium and some calcium and magnesium. Besides 
their origin in the soil itself, some of these salts are 
introduced by the underground water. In many relatively 
low-lying areas of the great alluvial plain with inadequate 
drainage, saline-sodic soils occur. Here the products of 
weathering accumulate during the rainy season. In the 
post-rainy season, due to excessive evaporation, the soil 
solution becomes concentrated resulting in increased sodium 
adsorption ratio (SAR) and hence high ESP and pH. The 
displaced calcium is precipitated at high pH and temperature 
as calcium carbonate. The process, repeated over a long 
period, results in the formation of sodic soil. 
The soils vary from saline to non-saline sodic. In 
coastal regions, saline soils are most predominant. They 
have highly soluble salts (EC >4 mmhos/cm) such as chlorides 
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and sulphates of sodium, calcium and magnesium; low ESP 
(<15) and have pH values of <8.2. The salts accumulate owing 
to capillary rise of groundwater. In the Indo-Gangetic Plain 
of Punjab, Haryana, Uttar Pradesh and Bihar, one may 
generally find saline-sodic soils, having high pH (9.0-10.2) 
high soluble salts content (with EC between 10 and 11.0 
mmhos/cm) and high exchangeable sodium percentage (>40). 
These soils have greyish colours, platy surface and blocky 
subsoil structure. They, however, lack typical columnar 
structures of solonetz. In Uttar Pradesh, such soils are 
strongly sodic and have carbonates and bicarbonates of 
sodium while in Punjab and Haryana, they have, in addition, 
chloride, sulphate and bicarbonates of sodium, especially at 
their surfaces. 
These soils have been classified in the orders 
Aridisol, Inceptisol and Alfisol. 
f) Desert Soils 
A large part of the arid region, belonging to western 
Rajasthan, southern Haryana, south west Punjab, and northern 
part of Gujarat, lying between the Indus river and the 
Aravalli hills, covering an area of 29 million ha, has 
desert conditions of geologically recent origin. The 
rainfall ranges from 500 mm to <100 mm, the major portion 
being received during the monsoon. The potential evapo-
transpiration is 1600 mm to 2060 mm, showing net aridity. A 
major part of the region consists of sand dunes and 
undulating sandy plains. Potentially such areas are as 
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fertile as the alluvial soils, but, because of the climate 
limitations of dryness, these have been lying unutilized. 
The sands are derived from the disintegration of subjacent 
rocks, but are largely blown in from the coastal regions 
and the Indus valley. The sands in conjunction with the arid 
climatic conditions, result in poor soil profile 
development. The mineral composition of the desert sand is 
quartz (as rounded grains); in addition, feldspar, 
hornblende and calcite grains, in fair proportions. 
The soils in the plains are mostly derived from 
alluvium and are pale brown to brown to yellow brown, fine 
sandy to loamy fine sand, percentage of clay varying from 2 
to 8 i.e. very low and mostly structureless. The presence of 
sodium clay makes the soils susceptible to dispersion and 
less permeable. A natric horizon is also observed. The pH of 
the soils ranges from 8.0 to 8.8. The soils contain soluble 
salts, but the concentration is not at the toxic level. 
Nitrogen content is low, but the level of nitrate nitrogen 
is high. The presence of phosphate and nitrate make the 
desert soils fertile and productive under moisture supply. 
The soils generally have redistributed alkaline earth 
carbonates from 10 to 70%. A zone of accumulation of lime or 
lime concretions at a depth of 60 to 120 cm is of common 
occurrence. Quite often a weakly developed B horizon is 
observed. Clay minerals are mainly inherited from the parent 
materials. The soil clays are dominantly illitic, with 
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smaller amounts of kaolinite and in a few cases chlorite 
and verraiculite. 
These soils have been classified in the order 
g 
A.ridisol and Entisol. 
g) Forest and Hill Soils 
The total forest area in India is estimated at 55 
million ha which constitutes 18% of the total geographical 
area. The major forest areas are covered by tropical 
deciduous, coniferous and tropical evergreen forests and 
occur in Himachal Pradesh, Jammu & Kashmir, Uttar Pradesh, 
Nagaland, Assam, Meghalaya, Orissa, Arunachal Pradesh, 
Madhya Pradesh, Mizoram and Manipur. While the climatic 
condition and altitude control the kind of forest species 
growing in different areas, the kind of vegetation and 
topography control the soil profile development. The major 
soils in different forest areas are : Brown Forest and 
Podzolic (in the Himalayas) and Red and Lateritic soils (in 
the Deccan Plateau). The Himalaya soils are formed under 
cool/cold humid condition and on sedimentary, igneous or 
metamorphic rocks- The Deccan plateau soils are formed from 
igneous and metamorphic rocks under tropical conditions. 
Some important soils discussed are as under : 
(i) Podzolic Soils : The soils formed under coniferous 
vegetation in the presence of acid humus and low base 
status are Podzolic in nature. Owing to leaching of bases 
and translocation of sesquioxides, the soils developed under 
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coniferous vegetation (especially deodar) do show charac-
teristics associated with podzolization. 
The podzolic soils are characterized by moderate (to 
strony) acidity with pH varying from 5.0 to 6.0. These soils 
have high organic matter (2-3.5), and moderately high 
(20-30%) clay content. CEC is 10-25 m.e./lOO g, with low 
base saturation (generally <50% which may reach <35 in the 
lower horizons as in some soils of Himachal Pradesh and 
Nagaland. These soils are deficient in phosphorus resulting 
from the formation of iron and aliominium phosphates. 
These soils are classified in the order Alfisols. 
(ii)Brown Forest Soils : The other soil formations in the 
forest areas developed on sandstone, limestone, or 
colluvium, under sub-humid (to humid) climatic environments 
and pinus and/or mixed vegetation are Brown Forest Soils. 
These soils occur in association with podzolic group of 
soils. 
The major characteristics of the soils are as 
follows. These soils have neutral to slightly acidic 
reaction (pH 6.0 to 7.0), the soils developed on calcareous 
sandstones, however, show pH upto 8.0. These soils have 
moderate to high accumulation of humus at their surfaces 
(O.M. content varies from 1 to 3%). The CEC is moderate (15 
to 25 m.e./lOO g) with exchange complex almost saturated with 
bases (70 to 90%). These soils have high biological 
activity. 
These soils with stable surfaces qualify for 
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Inceptisol , or Mollisol and those on eroded surfaces or on 
slopes as Entisol. 
h) Peaty and Marshy Soils 
The Peaty soils, occupying a limited area of 
about 15,000 ha occur in humid climatic environments as a 
result of a large accumulation of organic matter. These 
soils, in addition, may contain considerable amount of 
soluble salts. These soils occur in parts of Kerala and are 
locally called 'Kari' soils. During the monsoon, the soils 
get submerged in water. These soils are black, clayey and 
strongly acidic with pH as low as 3.5 to 4.0, and contain 10 
to 40% organic matter. These are dark to black in colour due 
to presence of abundant O.M. These are fine in soil tescture. 
The acidity is due to formation of sulphuric acid and 
decomposition of organic matter under anaerobic condition. 
Free aluminium and ferrous sulphates are present. 
The depressions formed by dried rivers and lakes in 
alluvial and coastal areas sometimes give rise to peculiar 
water logged soils. Marshy soils are generally blue/grey due 
to the presence of ferrous iron under anaerobic conditions 
and contain varying amounts of organic matter. Marshy soils 
of this type occur in the coastal tracts of Orissa, in the 
Sunderban areas of West Bengal, in the central portion of 
north Bengal and in the south-east coasts of Tamil Nadu. 
The iron and aluminium toxicities and associated 
phosphate deficiency contribute to limiting crop production 
on these soils. However, by keeping the water table above 
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the subsoil layers where pyrite is located, and by growing 
rice varieties which can tolerate acidity, iron and 
aluminium, satisfactory production can be obtained. In 
Kerala state, such soils are cultivated for paddy soon after 
draining the flood water received during the monsoon rains. 
2. The Soils of Aligarh District 
Aligarh covers an important area among the districts 
of Uttar Pradesh (India). The district lies towards north of 
the Ganga-Yamuna Doab within the parallels 27°29' and 28°11' 
north latitude and 77°29' and 78°38' east longitude. The 
2 district is of fairly big size with an area of 3137.55 Km . 
Its alluvial deposits have a gentle slope from north-west to 
south-east. There are several natural depressions apart from 
those formed by the river valleys and drainage lines. 
Topographically the district presents a trough like 
appearance with high Ganga and Yamuna banks at the extreme 
rims. 
The climate of the district is semiarid subtropical 
with mean annual air temperature of 26.7°C and mean annual 
rainfal of 775 mm. A fluffy layer of salts, about 2.5 cm 
thick, is observed on the surface during dry months. Water-
table fluctuates between 0.2 and 2.0 mm depth. The soils of 
the district are alluvial with a little leaching and 
considerable accumulation of salts on the surface. The 
alluvial beds varying from olive brown to ash grey in 
colour, very strongly alkaline to weak alkaline in nature. 
DIST. ALIGARH 
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^ 
Ganga Loamy Sand 
Aligarh Lcam 
Al igarh Clay Loam 
Aligarh Sandy Loam 
Yamuna Silty Clay Loam 
Yamuna Sandy Loam 
Fig.1.2 Soil Map of Al igarh 
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pass through the successive layers of sand, sand-silt and 
clay with occasional compact beds of kankar of an indurated 
character. According to the order of the genesis of the 
principal soil types, the district of Aligarh has been 
grouped into six natural soil regions as shown in Fig. 1.2. 
Soils of Aligarh district have also been classified 
as "Hirapur Series" by National Bureau of Soil Survey and 
Land Use Planning . This series is distributed extensively 
in Aligarh and adjoining districts of U.P. These soils are 
imperfectly drained and show moderately slow permeability. 
3. The Soils of Jaipur District 
Jaipur district is situated in the eastern part of 
Rajasthan in between 26°23' to 27°51' north latitude and 
74°55' to 76°50' east longitude- The total area of the 
district is 14,000 km , Most of the district is plain and 
fertile but there are also several ranges of Aravalli hills. 
Sambhar lake is situated at about 60 kms west of Jaipur in 
Phulera tehsil. General elevation of the area is 350 to 500 
m above M.S.L. 
Geologically the main formation exposed in the area 
consists of Aravalli and Delhi systems. Besides these two 
systems, older alluvium, younger alluvium and aeolians cover 
major part of the district. 
There is no perennial river in the district. The 
important non-perennial rivers are Dhund, Morel and Bandi 
which flow towards South; Banganga towards east and Medha to 
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scattered i.e. approx. 100 cm. Gram, maize, cotton, paddy 
are the staple crops of the area. Soils of Banswara are 
mixed alluvium of the Deccan trap and the metamorphics of 
the Aravallies. the soils of Banswara district are 
classified in Vertisol and Alfisol orders. 
Vertisols are black in colour and have not less than 
30% clay in all the horizons of profile. Black soils are 
alluvial soils formed by deposition of alluvial parent 
material transported by river system of Mahi. Black soils 
are of various colours viz. medium to dark black. The soils 
are black due to presence of titanium magnetite and organic 
complexes of iron and aluminium. These have swelling and 
shrinkage properties and show cracks on drying which may be 
several feet deep. Soils are sticky while wet. Structure is 
cloddy. The texture is clay loam to clay. The CEC of the 
soil is very high. These soils widely differ in depth, base 
saturation and lime content. The soils are very fertile with 
high water holding capacity. These are poor in O.M., 
nitrogen and lime content. 
Soils of order vertisol are grouped in suborder 
Usterts. This suborder is subgrouped into Pellusterts and 
Chromusterts great groups. Alfisols are red loam soils. 
These soils are also sometimes found mixed with black soils. 
These are red due to presence of excess of iron peroxide. 
Texture is loam to clay loam. Soils are shallow in uplands 
having concretions of lime, sand or stone with poor 
fertility. But in low lying areas and valleys, soils are 
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the west. The Mashi river forms the southern boundary of the 
district and flows from west to east. The water table of the 
wells varies from 5 to 12 m. Generally the quality of 
irrigation water is good to moderately saline-alkaline. 
About 70% of the cultivated area is unirrigated and rainfed 
crops are generally grown. Staple crops of the area are 
sorghum, pearlmillet, millets, pulses, maize, groundnut, 
sesamum during kharif and wheat, barley and mustard during 
rabi. 
The soils of the district are alluvial in nature, 
deep to very deep, yellowish brown to greyish brown, loamy 
sand to clay loam, generally non-calcareous to slightly 
calcareous and well drained to excessively drained. These 
soils are poor in O.M. and nitrogen but are rich in 
phosphorus, potassium, iron, lime, calcium and magnesium. 
These have not mature profile. Lime concretion layer is from 
the depth of 100 to 150 cm. These soils have fragipan, 
duripan, natric and petrocalcic horizon. 
Soils of Jaipur are classified in Alfisol order. 
Alfisol is sub-divided into ustalfs sub-order under which 
all the soils of Rajasthan are included. All the soils of 
sub-order Ustalfs are grouped in Haplustalfs great group 
(Fig. 1.3). 
4. The Soils of Banswara District 
Banswara is situated in between 23°3' to 24°28' North 
latitude and 74°15' to 75°2' East longitude. It is in the 
south-eastern part of Rajasthan. Rainfall is fairly 
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very deep, red coloured, loamy in texture and very fertile. 
Alfisols have profile development from medium to perfect. 
Aryillic horizon is always present in these soils. 
Exchangeable base/CaCO^ is lost through leaching. In 
addition, Alfisols have horizons of fragipan, duripan, 
natric, petrocalcic and diagnostic one. 
The soils of order Alfisol are grouped in the 
sub-order Ustalfs (Fig. 1.4). 
C- ADSORPTION 
Adsorption is the attraction and repulsion phenomenon at 
soil surface and exert the most profound influence of the 
several processes operating to determine the behaviour of 
pesticides in soil. It governs the relative availability of 
a pesticide, its volatilization, physical distribution, 
breakdown and biological activity and even its suscepti-
bility to microbial metabolism. It depends upon the nature 
and properties of the pesticide such as acidity (pKa), 
basicity (pKb), solubility, shape and configuration, charge 
distribution, polarity of molecule, molecular size and 
polarizability and its concentration in the solvent. 
Some of the recently reported papers on adsorption 
studies are summarized below : 
12 Jamet reported that the characteristics of adsorp-
tion-desorption of UKJ-1506 (a 9:1 mixture of chloro-6 and 
chloro-2-diamino-2,4-methylthio-5-pyrimidine) were studied 
using a batch technique. Study of the adsorption kinetics 
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showed that adsorption equilibrium was reached after 4 h 
shaking. Non-linear regression was used to estimate the 
parameters K and 1/n of the Freundlich equation (x/m = KC '^ ") 
The adsorption coefficient K increased with higher soil 
organic matter content. The adsorption isotherms were not 
linear (1/n < 1). For all the soils tested, parameters K and 
1/n were independent of the concentration range. UKJ-1506 
adsorption could be reversed. The value of non-linear 
regression for estimating K and 1/n was stressed. 
13 Bhardwaj and Kaur have conducted studies of 
propazine on three soils i.e. Soil-1 (Palampur soil), soil-2 
(PAU Farm, Ludhiana soil) and soil-3 (Habowal soil) in the 
solution phase at 30 and 40°. The results show that 
propazine is adsorbed by all the three soils. Adsorption 
increases with increase in the concentration of adsorbate 
and decreases with the rise in temperature. The order of 
extent of adsorption in soil-1 > soil-2 > soil-3. pH value 
of the soils seems to play key role in the adsorption 
capacity of the adsorbents. Average value of G (partial 
molar free energy change) is highest for soil-1 indicating 
greater driving force in the adsorption of herbicide for 
this soil. Low values of heats of adsorption reveal that 
this adsorption process is physical in nature. The data 
obtained satisfy the Freundlich equation and follow the first 
order rate equation. Adsorption capacity of the soil 
increases with the rise in activation temperature, lowering 
the pH value and increasing the organic matter content. 
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Bansal studied the adsorption of benalate on Al-
and Fe-montmorillonites under variable time, pH and 
temperature. Studies showed that equilibrium was attained 
within 40 h and maximum adsorption occurred at pH 6.5. The 
adsorption decreases with increase in the temperature. 
Adsorption isotherms were of S-type. Adsorption isotherms 
and desorption experiments provided evidence for a partly 
chemisorption and partly physical adsorption of benalate on 
clay surface. Inferences on the coordination and/or 
protonation of the metallic cations of clay surface to the 
carbonyl of amide group found support from adsorption 
isotherm, desorption. X-ray and ir studies. 
Bansal investigated the adsorption and degradation 
of oxamyl in different soil samples of Aliyarh district 
freshly amended with 5 g of sludge per kg of soil. The 
adsorption data were fitted in Freundlich equation and the 
adsorption isotherms were of S-type. The adsorption of 
oxamyl in soils increased with the addition of sludge. The 
degradation studies showed that in presence of sewage sludge 
the rate of degradation of oxamyl enhanced. The half-life 
period for control (containing no sewage sludge)varied from 
10 to 60 d, while in sludge treated soils it varied from 6 
to 48 d. The oxamyl metabolites N,N-dimethyl-2-methylthio-
acetamide oxime (DMAO) and N,N-dimethyl oxamic acid (DA) on 
14 days of incubation was 10-28% in control, while it was 
only 6-16% in sludge amended soil. During this incubation 
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period DMAO was the major metabolite in control soils while 
DA was in sludge treated soils. 
Adsorption of methyl parathion on humic acid and its 
cationic forms (Ca and Fe ) were studied by Adhikari et 
al. at two different temperatures. The amounts of methyl 
parathion adsorbed were fitted to the Freundlich adsorption 
isotherm. The partial molar free energy change accompanying 
the adsorption process follows the order - Fe - humate > 
humic acid > Ca - humate. Adsorption in all the cases was 
higher at 22" than at 35°. 
17 Raman and Reddy studied the thermodynamics of the 
sorption mechanism and strength of binding. The adsorption 
of isoproturon [3-(4-isopropyl-phenyl 1)-1,1 dimethyl urea] 
which is an important herbicide used for the control of 
grasses in water and in cereals was studied on six soils 
from Hyderabad at three different temperatures. The standard 
free energy, enthalpy and entropy of adsorption were 
calculated to understand the nature of bonding between the 
herbicide and the soils. 
18 
Pal and Chakravarti studied the exchange behaviour 
of Coen^ on soil and peat humic acids. The exchange 
behaviour of Coen3 on soil and peat humic acids (SHA and 
PHA) shows that the exchange isotherms resemble Langmuir 
type of curves and the uptake of this complex ion depends on 
the pH. At lower pH, stronger acidic groups, e.g. COOH group 
predominantly participate in the interactions. The release 
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isotherms obtained by using different electrolytes display 
the order of reactivity, Li < Na < K < Rb < Cs << H for the 
monovalent cations exhibit that the exchange processes take 
place in three stages. By using Kielland's equation, 
thermodynamic equilibrium constants and Gibbs free energy 
change for exchange reactions involving bivalent cations 
have been computed. Log of correlated selectivity 
coefficients or thermodynamic equilibrium constants have 
been plotted against hydrated ionic radii and the 
reciprocals of Debye-Huckel parameter a°. The plots suggest 
that the relative affinities of the counter ions for the 
exchanger substrates are much better correlated with a° 
rather than with ionic radii. 
19 Mandal investigated the degradation of isoproturon 
in soils. Investigations were conducted under controlled 
conditions for studying the influence of adsorption, 
movement and microbial decomposition on the degradation of 
isoproturon in three soils (alluvial, black and hill) of 
different climatic zones of India. Adsorption of the 
herbicide was almost alike in all the three soils. After 
destruction of organic matter and binding agents, the 
adsorption of isoproturon by alluvial and hill soils 
decreased, which indicated positive role of organic matter 
and binding agents in adsorption- On the other hand, 
adsorptive capacity of black soil increased three-fold which 
suggested that organic matter of normal soil had interacted 
with silicate surfaces forming clay-humus complexes. 
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Movement of isoproturon in most soils was restricted, with 
most of it remaining concentrated in surface layer (0 to 2.5 
cm). However, herbicide moved much deeper into soil profile 
when it ^ ^s leached with water. Amongst the three soils, 
isoproturon movement was faster in alluvial soil, medium in 
black soil and slower in hill soil. In general, movement of 
the herbicide in soils was restricted by organic matter 
content of the soil. Degradation of isoproturon in 
non-sterile soils was more rapid than in sterile soils. The 
biological degradation as influenced by soil microflora was 
more pronounced in early stages of incubation as compared to 
later stages when it was mainly non biological. Two major 
metabolites, viz. monoethyl isoproturon and didesmethyl 
isoproturon and two minor metabolites, viz. hydroxy 
propylphenyl methyl urea and 4,4'-diisopropyl azobenzene 
were detected in soils incubated for six months. As a 
prerequisite a reversed phase high performance liquid 
chromatographic and thin layer chromatographic techniques 
were standardized for micro-determination of isoproturon and 
its metabolites in soil. 
20 
Balayannis reported the thermodynamic parameters 
associated with the sorption of dicamba, fenuron, monuron, 
atra2ine,simazine and CIPC. The values of AG (free energy) 
of adsorption followed this ascending order : dicamba, 
fenuron, monuron, atrazine, simazine, CIPC. The exothermic 
values of the free energy indicated that soil colloids have 
an affinity for the above chemicals in the descending order 
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CIPC, simazine, atrazine, monuron, fenuron and dicamba. As 
(entropy) had a positive value only for dicamba, indicating 
that the herbicide-soil complex is unstable. 
21 . Delmas and Haswet identified French soil types with 
similar physico-chemical and physical characteristics to 
standard EEC soils (poolzols, grey brown forest soils, brown 
acidic forest soils and rendzinas) for use in pesticide 
mobility studies. No suitable French brown mediterranean 
soil was found. 
92 Wang et al. studied the adsorption of some 
pesticides on the soils. The adsorption kinetics of 
aldicarb, lindane and trifluraline to red earth, sandy river 
soil, and mountain soil followed the Freundlich isotherm. 
The adsorption constants were negatively, correlated with the 
water solubilities. Similar results were obtained with the 
methods of batch equilibrium and column adsorption. 
23 
Hermosin and Cornejo assessed the factors related to 
pesticide adsorption by soils. Relationships between 
adsorption of two organic agrochemicals (a nonionic maleic 
hydrazide : MH, and a cationic chlordimef orm : CF) and the 
properties of 22 soils were investigated taking into account 
the mineral components present in their clay fraction. 
Adsorption data were analyzed using the linear form of the 
Freundlich equation and the parameters were significantly 
correlated with the clay content, specific surface area, 
cation-exchange capacity and pH of the soils for both the 
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pesticides and for all the soils studied. When the soils 
were divided into two groups according to the minerals 
present in their clay fraction the soil factors related to 
the pesticides adsorption parameters were different of the 
clay mineralogy of the soil group. 
24 Stephen et al. studied the characteristics of the 
sorption of chlorothalonil and azinphos - Me to a soil 
from a commercial cranburry bog. The sorptive properties of 
chlorothalonil and azinphos-Me on soil of the cohansey 
aquifer were determined. A pronounced apparent hysteresis 
was evident between the adsorption and desorption traces in 
both the pesticides, and <22% of the adsorbed mass of each 
chemical was recovered, suggesting that the sorptive 
processes are not totally reversible. Kinetics of adsorption 
and desorption were discussed. 
25 John M. used FTIR and Raman spectroscopic analysis 
to determine the adsorption interaction between the highly 
polar organophosphate di-Me methylphosphonate (DMMP) and a 
standard montomorillonite clay (SAZ-1). The polar DMMP 
molecule appears to interact with the interlamellar 
exchangeable cation in the montmorillonite clay and to 
displace water from the clay mineral interlamellar spaces. 
This was confirmed by XRD observation of a primary lattice 
distance expansion of about 3.3 A° during the adsorption 
process. Some evidence for a secondary interaction of DMMP 
with the natural organic matter associated with the clay 
mineral was obtained. 
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Mansour et al. studied the factors determining the 
behaviour and transformation of selected pesticides in 
water, soil suspension and soil. Photochemical degradation 
of gardona, atrazine, diazinon, parathion, phenmedipham, 
carbetamide and carbofuran was studied in distilled water, 
river water, soil suspension, and adsorbed on soil. The 
following aspects were discussed, (1) physico-chemical 
degradation data which include hydrolysis, (2) transfor-
mation products found in photochemical transformation in 
aqueous medium containing H-O^ and humic acids in the 
presence of UV light ( A>300 nm), and (3) the reactivity of 
atrazine, diazinon, carbetamide, and carbofuran towards OH 
ions and the displacement of Cl with atrazine in water 
and hydrophobic solvents. 
D. PERSISTENCE 
The persistence of organochlorine pesticides like 
DDT, BHC, chlordane, heptachlor etc. in the ecosystem is 
well documented. They are not biodegradable and are 
persistent in the environment for years. Other pesticides 
are less persistent. 
The impact of pesticides on the environment is based 
on their following properties : 
i) tendency to vaporise 
ii) tendency to dissolve in water and other solvents 
iii) resistance to various degradation processes i.e. they 
are not easily biodegradable. 
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Some of the recently published papers in the area 
of persistence studies are summarized below : 
The persistence of pesticides in soils is a summation 
of all the reactions, movements, and degradations affecting 
these chemicals. For example, organophosphate insecticides 
may last only a few days in soils; the most widely used 
herbicide 2,4-D, persists in soils for only two to four 
weeks; DDT and other chlorinated hydrocarbons may persist 
from three to fifteen years or longer. Most of the organic 
fungicides are biodegradable and persist in soil for a very 
short period. Inorganic fungicides that contain heavy metals 
persist longest. The copper, tin or mercury residues formed 
as a result of the breakdown of fungicides persist in the 
soil for a long period. Among the organic fungicides, the 
most persistent are quantozene which breakdown in several 
months or even in one year. Benomyl and methylthiophenate 
which persist from six months to two years according to soil 
types, and thiram which may persist for several months. 
Under field conditions, Maneb has an overall half life in 
soil between four and eight weeks. TBZ was very persistent 
in air dried soil^. 
Thus, persistence studies of these toxic compounds 
are of utmost importance from the point of view of environ-
ment pollution, such data are very essential for the 
registration of a compound for a commercial exploitation in 
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agriculture and health programmes. 
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Reinhardt et al. studied the persistence of 
atrazine as affected by selected soil properties and the 
bioactivity of atrazine were investigated in field trials. 
Bioactivity was determined periodically for upto 12 months 
on a variety of soil types using oats (Avena sativa) as the 
test plant. The application was best correlated with the 
organic matter content (% C) and P reversion characteristics 
of the soils. Clay content and CEC after herbicide 
application, %C, soil pH and P reversion were important 
predictors of atrazine persistence, whilst both CEC and clay 
content were poor criteria. Persistence was negatively 
correlated with %C, but positively with both the soil pH and 
P reversion.'^ince the dissipation of atrazine in most of the 
soils was virtually complete after 12 months, the prediction 
of persistence by the soil properties was poor at that 
stage. Differences in persistence between trials in close 
proximity suggest that persistence of the herbicide was more 
closely linked to soil characteristics than to climatic 
conditions. Thus, current waiting periods, which are 
recommended for specific crops can be defined by 
distinguishing between soils on the basis of soil 
characteristics that affect adsorption and degradation of 
atrazine. 
Persistence and mobility of selected pesticides in 
loessial soils of Illinois were investigated by McKenna et 
29 
al. . The movement and persistence of the three widely used 
pesticides, alachlor, atrazine and chlorpyrifos, were 
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monitored in four representative Illinois Loessial soils. 
The distribution of pesticide residues in soil-core and 
soil-water samples was extremely variable within and between 
the four sites. The greatest mass of the pesticide residues 
was retained in the upper 20 cm of al the soils throughout 
the study period. The applied pesticides were not detected 
below 20 cm until the spring after application, alachlor was 
detected in 10% of the soil-core samples collected below a 
depth of 20 cm and in 3% of soil-water samples collected at 
depths of ^1 m. Atrazine was detected in 5% of subsurface 
soil-core samples and was not detected in soil-water 
samples. The detection of pesticide residues at depth, early 
in the growing season, and after a little precipitation and 
recharge indicates that these pesticides persist in sub-soil 
and groundwater for more than 1 crop year. 
30 Montemurro et al. made a comparative study of 
atrazine residues in crop rotations. The buildup of atrazine 
was investigated in soils on which corn was repeatedly grown 
as a catch crop after wheat. Herbicide treatments for the 
corn were either atrazine (2 kg/ha) or atrazine + alachlor 
(0.7 + 1.6 kg/ha). After 7-8 years of corn in a triennial 
rotation of sugarbeet-wheat (corn) - wheat (corn), about 
0.7% of the total atrazine applied (11.4-13.4 kg/ha) 
remained in the soil. A similar percentage also persisted 
when corn was grown as a catch crop after wheat every year 
(without rotation was sugarbeet) for 11 years (total applied 
atrazine : 18 kg/ha). Atrazine mostly accumulated in the top 
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20 cm of the soil (<0.038 ppm); atrazine metabolites were 
generally present at <0.001 ppm. 
31 Bernes et al. noticed the effects of imazaquin 
residues on cotton (Gossipium hirustum). Field and laboratory 
studies were conducted in 1987 and 1988 on several Arkansas 
soils to detect the effects of residual levels of imazaquin on 
cotton. Imazaquin concentrations ranging from 0.007 to 0.024 
pg/g and 0.00-0.015 jug/g were found in soil samples taken 
after 12 and 24 months, respectively, following preplant-
incorporated applications at the rates of 140 g/ha. Cotton 
yields were reduced from 7 to 42% in 1987 as the soil 
concentration of imazaquin increased from 0.007 to 0.024 py/g. 
Imazaquin persistence was greater in clay soils than in loams 
or sandy loams. Imazaquin was weakly adsorbed to a clay, loam, 
and sandy loam soil in laboratory studies, the adsorption did 
not differ significantly by soil texture. A bioassay utilizing 
cotton as the indicator species was developed to determine 
imazaquin concentrations in soils ranging from 0 to 0.06 pg/g. 
Imazaquin concentrations determined by the bioassay method 
were 75, 77 and 88% of those determined by chemical 
extractions for a clay, loam, and sandy loam soil, 
respectively. 
Studies on the fate of carbaryl, phorate and 
tridemorph in some soils of Karnataka were made by Ramakrishna 
Parara-^ .^ A laboratory study on the persistence and metabolism 
of carbaryl, phorate and tridemorph was carried out in black, 
red, laterite and saline soils. 
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Under non-flooded condition, carbaryl and tridemorph 
degraded faster in saline and black soils than in red and 
laterite soils, which was attributed to initial soil pH. The 
reverse was true for phorate because of adsorption 
catalysis. Metabolism resulted in 1-naphthol, phorate 
sulfoxide and phorate. Soil flooding enhanced degradation in 
all the four soils due to predominance of anaerobisity. 
Micro-organisms also degraded pesticides, however, the rapid 
degradation of carbaryl and tridemorph in high pH saline 
soil was both chemical and microbial. Organic amendments 
such as FYM or rice straw or neem cake enhanced carbaryl and 
phorate degradation under the two moisture conditions. On 
the contrary, urea or ammonium sulphate slightly increased 
carbaryl and phorate persistence in flooded and non-flooded 
soils. Ammonium sulphate was more effective in inhibiting 
degradation. 
Movement and distribution depended on soil physico-
chemical characters. Leaching loss of carbaryl and phorate 
was more in red and laterite than in black and saline soils. 
The difference in leaching loss was related to soil texture 
and hydraulic conductivity. Distribution of pesticides was 
inversely related to depth. Saline soil adsorbed highest 
quantities of carbaryl, followed by black, laterite and red 
soils, whereas phorate adsorption was highest in lateritic 
soil, followed by red saline and black soils. Uptake studies 
showed gradual upward movement of phorate in sorghum plants 
which accumulated in the apical region. Uptake of phorate 
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from light soils (red and laterite) was faster than from 
heavy soil (black soil). 
33 Meher et al. studied the persistence of aldicarb 
residues in cowpea (Vigna unguiculata) and soil under 
tropical conditions. Residues of aldicarb lOG (1.25 and 2.5 
kg/ha), broadcast at sowing, persisted in Pusa Dofasali 
cowpea(V. unguiculata) and its soil beyond 60 days. Aldicarb 
sulfone was the major metabolite 15 days after application. 
In soil, conversion of aldicarb to aldicarb sulfoxide was 
slow but that of aldicarb sulfoxide to aldicarb sulfone was 
rapid. Leaching of aldicarb residue beyond 10 cm depth 
started within 7 days and continued upto 30 days. Absorption 
by cowpea roots was rapid and the residue increased in both 
the root and the shoot upto 15 days of crop growth. In the 
root the residues were primarily aldicarb sulfoxide, 
aldicarb sulfone and aldicarb, whereas in the shoot aldicarb 
sulfone was the predominant metabolite 7 days after seedling 
emergence. The residue level in pods at different pickings 
v;as 0.16-0.30 pg/g, which was above the maximum residue 
limit particularly at 2.5 kg/ha. 
'3 A 
Kuthubutheen et al. described the persistence of 
fungitoxicity of two triorganotin(IV) compounds in soil. 
The persistence of triphenyltinchloride-triphenylphosphine 
oxide (I) and diphenylbutyltin bromide (II) in unsterilized 
sandy loam soil maintained in the dark at 60% of its water 
holding capacity and at 27+2° was studied over 29 days. The 
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percentage recovery of the compounds upon extraction with 
acetone immediately after application to soil was 6% for I 
and 9.8% for II. The half-lives of the compounds were 15 
days for I and 14.2 days for II. After 29 days following 
application of the compounds in soil <8.3 pg/g of I and <5.1 
pg/g of II, remained in the soil as compared to the starting 
concentration of 50 |ug/g of soil. The 2 triorganotin 
compounds may be applied every 2-3 weeks in the field at a 
rate of <0.005-0.01 kg/ha. 
35 Neary et al. studied the persistence of nine forest 
pesticides in the surface horizon of a Typic quartzipsarament 
soil of the Ocala National Forest- Six herbicides (2,4-D, 
dicamba, dichlorprop, hexazinone, picoram and triclopyr) 
were injected into turky oak (Quercus laevis) at labelled 
rates for site preparation and 3 insecticides (chlorpyrifos, 
f enitrothion, and lindane) were sprayed onto sand pine 
(Pinus clausa) for bark beetle control. Soil persistence of 
these pesticides was evaluated. Initial concentrations in 
the A, horizon of a Typic Quartzipsamment were related to 
the application rates. Except for a soil-applied granular 
formulation of hexazinon, application of pesticides to the 
soil probably occurred primarily as a result of litterfall, 
crown leaching, stem washoff, and spillag. Peak concentra-
tions of most of the herbicides in the A horizon occurred 2 
months after application and ranged from 5.34 mg/kg for 
dichlorprop to 0.10 mg/kg for dicamba. The insecticide peak 
concentrations were reached between 5 and 8 months after 
application and ranged from 5.11 mg/kg (chlorpyrifos) to 
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1.54 mg/kg (fenitrothion). Secondary peaks of some 
pesticides residues were frequently detected in the A 
horizon 2 to 6 months after application. Except for 
chlorpyrifos and lindane, concentrations were <0.40 mg/kg 
after 12 months. Persistence was generally in the order of 
chlorpyrifos < lindane < hexazinone < fenitrothion < 
dichlorprop < trichlorpyr < picloram < dicamba < 2,4-D. 
Apparently, pesticides exposure of forest workers in dusty 
conditions and with maximum soil pesticide concentrations 
would not be significant (<0.2% and 0.5% of the ADI for 
herbicides and insecticides, respectively). 
36 
Kumar and Agnihotri studied persistence of delta-
methrin in soil. Persistence of deltamethrin was studied in 
lARI and black cotton soil fortified at 0.25 and 0.50 pg/g 
level, moistened at field capacity and incubated at 25+^ l°C. 
The persistence of deltamethrin was more in black cotton 
soil than in lARI soil. The half-life varied from 11.6-15.4 
days in lARI soil and 18.8-20.0 days in black cotton soil. 
The increase in the rate of application slightly reduced the 
rate of dissipation of deltamethrin in both the soils. 
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Meher and Agnihotri in a study on the persistence 
of sebuphos in 'Pusa Bheraw' brinjal, Solanum melongena (L) 
and in soil, the residues persisted beyond 60 days in soil 
following furrow application @ 0.5 and 1.0 kg a.i./ha. The 
dissipation of residues followed first order kinetics and 
sebuphos showed a half-life of about 1 week in sandy loam 
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soil. Absorption of residues by roots was rapid but further 
translocation to shoots was slow. Maximum residues in roots 
were observed by day 7 and that in shoots by day 15 of the 
application. The concentration of residues was always hiyher 
in roots than in shoots. No residues could be detected in 
the fruits. 
38 
Raut and Kulshretha reported the persistence of 
Fluazifop-p-butyl in an inceptisol. The persistence of 
fluazifop-p-butyl at two rates of application and at three 
temperatures in a sandy loam soil was studied. The herbicide 
was found to be readily lost as only 2% fluazifop-p-butyl 
was recovered after 24 h. Persistence studies were based on 
transformed fluazifop-p-acid from fluazifop-p-butyl and 
reported as total residues. The acid form of the herbicide 
had a half life of 19.8 days at normal and 23.9 days at 
double the rate of application. Persistence was inversely 
related to soil temperature as 2.5 and 6% higher dissipation 
of fluazifop-p-acid occurred at 40+l°C as compared to 35+1° 
or 28+l°C. Fluazifop-p-butyl was degraded in soil to the 
corresponding acid, fluazifop-p, which is also known to be 
herbicidally active. 
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Agnihotri et al. studied the persistence of some 
organophosphates such as Orth ene and quinalphos in soil, 
water and rediments. Dissipation of orthene from soil was 
rapid. In 15 days non-detectable residues were observed 
while quinalphos persisted upto 30 days. Similarly in water 
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both the insecticides persisted for more than 7 days 
40 Bowman determined mobility and persistence of the 
herbicides atrazine, metolachlor and terbuthylazine in plain 
field sand using field lysimeters. Field lysimeters packed 
with 10 kg (DW) plain field sand were used to study the 
effectiveness of rainfall on the mobility and persistence of 
commercial formulations of atrazine (Aatrex 480 L), 
metolachlor (Dual 960 E) and terbuthylazine (Gardoprism 
SOW). The maximum movement of atrazine, terbuthylazine and 
metolachlor, respectively, were 30, 20 and 10 cm under 
rainfall and 70, 50 and 40 cm. under supplementary watering. 
Both atrazine and terbuthylazine appeared in the effluent 
following a 50 mm water application on day 2. Atrazine also 
appeared in the effluent on several occasions after week 12 
under supplementary watering. 
4-1 
Bowman studied the mobility and persistence of 
alachlor, atrazine, metalachlor in plain field sand and 
atrazine and isazofos in Honeywood silt loam, using field 
lysimeters. Mobility and persistence of commercial formula-
tions of alachlor, metolachlor and isazafos vi?ere studied 
under two moisture regimes using 75 x 15 cm field 
lysimeters. Formulated atrazine was also applied to each 
lysimeter for reference purposes. Alachlor and metolachlor 
treated lysimeters were packed with plainfield sand while 
Honeywood silt loam was used in isazofos treated lysimeters. 
The effluent was monitored for each chemical, and selected 
cores were sectioned (7 x 10 cm) and analysed to determine 
58 
mobility profiles and persistence at weeks 1,2,4,8,12 and 
21. The 50% disappearance times for alachlor, atrazine, 
isazofos and metolachlor were : 1.5, 4, 1.5 and 3-4 weeks 
respectively. Water application during week 1, following 
pesticide application, created ponding on Honeywood soil 
cores, transporting atrazine and isazofos to a maximum of 50 
cm depth. While isozofos moved no further after week 1, 
atrazine and desethylatrazine (Des-Atr.) exhibited 
considerable mobility throughout the study. Ponding on 
Honeywood silt loam covers produced greater atrazine and 
Des -Atr. movements than in plainfield sand cores. Des -Atr. 
production increased with soil moisture content. Relative 
mobilities in plainfield sand were Des -Atr. > atrazine ^ 
metolachlor > alachlor; in Honeywood silt loam Des -Atr. 
atrazine > isazofos. 
D. WORK DONE 
In this thesis, the following work has been carried 
out. In chapter 2, adsorption studies of an organophosphate 
pesticide, malathion on sandy loam soils collected from 
agricultural farm of Aligarh Muslim University, Aligarh and 
a private farm of Village Sathiya, block Sasni, Aligarh are 
described. In chapter 3, studies of a carbamate pesticide, 
carbaryl on the above soils are presented. Persistence 
studies of malathion on the above soils are described in 
chapter 3. Chapter 4 deals with the persistence studies of 
carbaryl on black cotton soils collected from Eon^at 
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agricultural farm, Banswara and sandy soils collected from 
Durgapura agricultural farm, Jaipur. 
The above studies have been carried out with the 
following objectives -
1. To review the existing methods used for the determi-
nation of pesticides in soil. 
2. To standardise and modify, if necessary, the analytical 
techniques for estimation of malathion and carbaryl in 
soil. 
3. To study the nature of adsorption isotherms. 
4. To study in laboratory the persistence of malathion and 
carbaryl in soil. 
5. To study the influence of soil organic matter on 
adsorption of carbaryl in soil. 
6. To test the column chromatographic nature. 
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CHAPTER - 2 
STUDIES ON ADSORPTION OF MALATHION 
IN TWO SANDY LOAM SOILS 
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A. INTRODUCTION 
Malathion (S-1, 2-bis ethoxycarbonyl ethyl 0, 
0-dimethyl phosphorodithioate) is an organophosphate, 
broad spectrum insecticide used for control of sucking and 
chewing insects including aphids, houseflies, mosquitoes, 
scale insects and spider mites. It is used on fruits, 
ornamentals, beans, vegetables and stored products. It can 
be applied on the same day as grazing or harvesting. This is 
w 
hy it is considered to be the safest pesticide (LD_- rat = 
1 2 1375-2800). Soil serves ' as a major environmental sink for 
the bulk of the pesticides used in agriculture. A portion of 
the applied pesticide irrespective of crop, applicator or 
the formulation used, usually finds its way into the soil. 
According to several estimates as much as 50% of the 
pesticide applied to the foliage falls on the soil depending 
on the crop canopy and the mode of application. Adsorption 
also affects the persistence of pesticides in soil. Thus it 
becomes imperative to examine the behaviour of insecticides 
in soils. 
B. MATERIALS AND METHODS 
1. Apparatus and Instruments 
pH meter (Model Li-IOT, Elico Pvt. India I^ td. ) , 
conductivity bridge (Type C M82T Systronics), Hydrometer, 
constant temperature water bath (Tempo India Ltd.), stop 
watch (Racer Swiss made) , Sieves (British Standard 
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Sieves), Centrifuge Machine (Instruments Mfg. Company, 
Ajmer), Bausch & Lomb Spectronic-20 spectrophotometer. 
2. Reagents 
Malathion dust (5%) was used. All other reagents were 
of analytical grade. 
3. Preparation of solutions 
(a) Potassium dichromate (IN). 
(b) Diphenyl amine indicator - 0.5 g of diphenyl amine were 
dissolved in a mixture of 100 ml of sulphuric acid and 
20 ml of water and the indicator was stored in a 
coloured bottle. 
(c) Ferrous ammonium sulphate (N/2) - 392 g of ferrous 
ammonium sulphate v/ere dissolved in v/ater. 15 ml of 
sulphuric acid were added and diluted to 2L. 
(d) Sodium acetate (IN). 
(e) Ammonium acetate (IN) - 77 g of ammonium acetate and 
68 ml of ammonia were added to 800 ml of water and the 
volume was made to 1 L. 
(f) Sodium oxalate (saturated solution) - 50 g or more 
of sodium oxalate were added to 1 L of distilled 
water till it gave a hydrometer reading of 40-42 at 
19.4°C. 
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(g) Sodium hydroxide (3M). 
(h) Nitric acid (4N). 
(i) Copper sulphate (0.06M). 
4. Malathion 
(a) Stock solution of malathion : 20 g of 5% malathion dust 
was accurately weighed in a 250 ml conical flask, 50 ml 
of ethanol were added and shaken well for 15 minutes. 
The supernatant liquid was filtered through a Whatman 
No. 42 filter paper in a 100 ml standard flask. The 
undissolved matter was treated with 25 ml portions of 
ethanol two times as above. The supernatant liquid was 
filtered and stored in the same standard flask. Fresh 
ethanol was added, if required, to make up the volume 
and then mixed well by thorough shaking. 
(b) Diluted solution of malathion (200 jug/ml): The stock 
solution (2 ml) was made free from compounds used in 
formulation by diluting with 10 ml of distilled water 
and then extracting with 10ml of chloroform. The 
chloroform layer was collected in a conical flask, the 
solvent was removed under reduced pressure and the 
residue was dissolved in 2 ml of ethanol. The ethanolic 
solution so obtained was diluted 50 times by adding 98 
ml of distilled water in a 100 ml standard flask. The 
contents of the flask were thoroughly shaken and 
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stored at 5°C. The solution was named as solution 'A'. 
The solubility of malathion in water at 25°C is 
reported to be 145 mg/L. Solution 'A' was observed to 
be clear and stable. It may be due to the presence of 
3 
ethanol in solution 'A'. Malathion is readily soluble 
in most organic solvents e.g. alcohols, esters, 
ketones, ethers and aromatic hydrocarbons. 
5. Soil sampling 
Soil samples were collected from two places of 
Aligarh district which lies in the wheat growing tracts of 
India viz. university farm and a private farm of village 
Sathiya, block Sasni. The sampling was done during the month 
of April. To obtain a composite sample, small portions of 
soil were collected from the desired depth (0-15 cm or more) 
with Khurpi from 10-15 well distributed spots (from each 
sampling unit i.e. a plot) after scrapping off the surface 
litter. A V-shaped cut (upto the plough layer) was made and 
a uniformly 1.5 cm (approx.) thick slice was taken out. The 
soil collected in this manner was thoroghly mixed on a 
polythene sheet or concrete floor and bulk was reduced by 
quartering and about 500 g of the composite sample was 
retained. The soil was quickly air dried in shade at room 
temperature and put in polythene bag with suitable 
description and identification marks by tagging. 
6. Determination of physico-chemical properties of the soil 
For the study of some physico-chemical properties of 
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soils, farm soils were collected, air-dried, ground and 
sieved through 600 mesh sieve. The following 
physico-chemical properties of the soils were studied. 
(a) Particle size analysis - Particle size analysis was 
4 
carried out by hydrometer method . 
(b) Soil reaction (pH) - pH was measured in 1:2 soil 
suspension in distilled water using glass electrode pH 
meter. 
(c) Electrical conductivity - Salt bridge or electrical 
resistence bridge was used for measuring electrical 
conductivity . 
(d) Organic carbon - Organic carbon was estimated by the 
4 
Walkley and Black method . 
(e) Cation Exchange Capacity (CEC) - CEC was worked out by 
saturating the soil with Na ions at pH 8.2 and 
replacing it with NH^ ions. Exhangeable Na were 
4 
estimated by flame photometry . 
7. Spectrophotometric determination of malathion 
The spectrophotometric method for organophosphates 
given by Orloski was used in the present study. This is a 
convenient and sensitive method for analysing a large number 
of samples. At constant temperature Beer's law is followed 
between 1.0 and 2.5 mg of malathion, below 1.0 mg the 
absorptivity decreases. 
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8. Standardization of malathion 
Standard malathion solution (1-3 ml of 1070 mg/L in 
acetone) was taken in a 60 ml separating funnel and 2 ml of 
3 M NaOH were added followed by 10 ml of distilled vifater 
(DW). The solution was acidified with 4N HNO^. A litmus 
paper strip was used to ascertain the acidification. 10 ml 
of carbon tetrachloride and 2 ml of 0.06M CuSO, were added 
and the yellow copper complex was extracted by shaking for 1 
min. Absorbance of the yellow solution was measured at 420 
nm against blank containing the above reagents except 
malathion. 
9. Equilibrium time 
The effect of time on adsorption of malathion on soil was 
studied at 25+l°C by using the following procedure : 
Portions of solution 'A' of malathion (5 ml), the 
soil (0.5 g) and distilled water (5 ml) were taken in 10 
test-tubes separately. After a definite period of time, the 
supernatant liquid was filtered and malathion in the 
filtrate was determined spectrophotometrically. The 
absorbance was recorded at 420 nm. The maximum absorption 
was recorded at the 6th h i.e. the time at which the 
equilibrium was attained. 
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10. Adsorption isotherms 
0.5 g of the soil sample, 1-10 ml of solution 'A' of 
malathion and 9-0 ml of distilled water were taken in 
different boiling tubes. These boiling tubes were 
equilibrated for 6 h with intermittent shaking with glass 
stirrer at 12, 26 and 35 ± 1°C in a constant temperature 
electrically heated water bath. The blanks were also 
maintained simultaneously. The slurry was centrifuged at 
2000 rpm for 5 min and the supernatant liquid was filtered 
or passed through a cotton plug, the colour was developed as 
above and then absorbance was recorded at 420 nm. 
The Freundlich isotherm has been used to describe 
sorption of pesticides by soils using the formula : 
x/m = kc '^  . . . (1) 
where x/m is the pesticide sorbed in pg/g of the soil, k is 
a distribution coefficient representing (c) of 1 ppm, and 
1/n is the slope indicating the variability in the amount of 
pesticide and putting the equation in logarithmic form 
log x/m = log k + 1/n log c ... (2) 
According to this equation a plot of log (x/m) versus 
log c is a straight line, and the constants may be evaluated 
from the slope n and the intercept log k. The Freundlich 
isotherm is purely emperical in nature. 
71 
C. RESULTS AND DISCUSSION 
The physico-chemical properties of the soils used in 
the present investigation are recorded in Table 2.1. The plots 
of log c versus log x/m are shown in Figs. 2.1 and 2.2 
respectively. The physical constants of Freundlich isotherms 
for malathion sorption in soils are summerized in Table 2.2. 
The quantity of malathion sorbed by these two soils 
was correlated with six physico-chemical characteristics 
of the soils (Table 2.1). From the percentage of mechanical 
separates the soils can be categorized as loamy sand. These 
data show that soil samples are saline in nature. 
The literature survey shows that the organic matter 
(O.M.) content is the most important single factor involved 
in malathion sorption by soils. Inovlvement of clay in 
parathion sorption has been indicated in studies with pure 
clay mineral systems. The results show that adsorption 
increases with an increase in clay content of soil. The 
higher the cation-exchange capacity, the higher the 
adsorption. 
Saltzman et al. found that parathion adsorption is 
dependent on the type of association between the organic 
and mineral colloids. In aqueous solutions parathion has a 
greater affinity for organic than for mineral adsorptive 
surface. Sorption of parathion on soils differing in their 
physico-chemical characteristics was investigated by Wahid 
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and Sethunathan . Organic matter was found to be the most 
important single factor affecting parathion sorption in 
soils. Resorption studies revealed that parathion sorption in 
soils high in organic matter content was almost 
g 
irreversible. Adhikari et al. found that the partial molar 
free energy change accompanying the adsorption process 
follows : the order - Fe - humate > humic acid > Ca -
humate. Adsorption in all the cases was higher at 22°C than 
9 
at 35°C. Joshi and Mishra reported that the extent of 
adsorption of insecticides on different soils increased in 
the order: phosphamidon < malathion < parathion. The effect 
of organic matter content and the soil adsorptive surfaces 
was ivestigated. Kishk et al. reported that the adsorption 
of methyl parathion by three soils and by their clay 
contents conformed with the Freundlich isotherms. Singh et 
al. reported that the adsorption of dimethoate decreased 
with the rise in temperature indicating the involvement of 
van der Waals' forces during adsorption processes. 
In the present study, the amount of malathion 
available for sorption was in the range of 0.14 to 1.44 |ug/g 
of soil, a concentration normally encountered in the 
agricultural environment after field application. The 
Freundlich constants (1/n) are 0.44, 0.60, 1.20 for soil 'A' 
and 0.48, 0.70, 1.15 for soil 'B' at 12°, 25° and 35 +_ 1°C 
respectively (Table 2.1). 
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Temperature is one of the major factors that 
influences the extent of sorption. Adsorption is generally 
an exothermic process, but reports do exist where 
12 
adsorption is practically uninfluenced by temperature or 
13 is even endothermic specially on O.M . The Freundlich 
adsorption constant, k, decreased with an increase in 
temperature showing that the adsorption of isoproturon on 
these soils is exothermic. The variation in 1/n with 
temperature was much less. 
Adsorption of malathion on loamy sand soils has been 
found to be dependent on temperature, pH, organic matter, 
exchangeable cations and clay contents of the soil. The 
Freundlich constants (k) decreased with an increase in 
temperature- The variation in 1/n with temperature has been 
found to be low. 
The findings of this study are similar to the 
findings of Saroja Raman and D.S. Reddy . 
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Table 2-2 : Physical constants of Freundlich isotherms for 
nalathion sorption in soils. 
Soil Temperature 1/n log k 
No. (°C) 
A 12 0.44 -0.3 0.5012 
25 0.60 -0.5 0.3162 
35 1.10 -1.2 0.0631 
B 12 0.48 -0.2 0.6310 
25 0.70 -0.5 0.3162 
35 1.15 -1.1 0.0794 
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Fig. 2.1 Experimental Freundlich Isotherms for Malathion Sorption 
in Soil A 
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Sorpt ion in Soil B 
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A. INTRODUCTION 
Soil serves as a major sink for bulk of the pesti-
cides used in the agriculture. It has been found that as 
much as 50% of the foliar applied pesticides fall on soil 
depending on the factors such as plant canopy, wind speed, 
1 2 
formulation and particle/droplet size ' . Thus it is 
important to study the behaviour of pesticides in soils. 
Many workers had studied the adsorption and persistence 
of pesticides in soil. Scheunert has reviewed 
transformation and degradation of pesticides in soil. Leoni 
Q 
et al. have used activated sludge biodegradation test as a 
screening method to evaluate persistence of lindane, captan, 
atrazine, simazine, deltamethrin, chlorpyriphos azinphos-Me, 
9 bromophos and malathion m soil. Agnihotri et al. studied 
the persistence of some organophosphates such as orthene and 
quinalphos in soil, water and sediments. Kumar and 
Agnihotri studied persistence of deltamethrin in soil. 
Meher and Agnihotri studied persistence of sebuphos in 
brinjal and in soil. The residues persisted beyond 60 days 
in soil following furrow application @ 0.5 and 1.0 kg a.i./ 
ha. Malathion is a broad spectrum insecticide with high 
water solubility and it is therefore expected to be 
non-labile in soil with maximum losses due to leaching. Ali 
12 
et al. have reported the adsorption behaviour of malathion 
in loamy sand soils. This study is, therefore, aimed at 
gathering information regarding persistence of malathion in 
loamy sand soil samples under laboratory conditions at 
moisture level of field capacity. 
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B. MATERIALS AND METHODS 
1. Apparatus and instruments 
pH meter (Model Li-IOT, Elico Pvt. India Ltd.), 
conductivity bridge (Type CM82T, Systronics), hydrometer, 
stop watch (Racer, Swiss made), sieves (British Standard 
Sieves) and Bausch & Lomb spectronic-20 spectrophotometer 
were used. 
2. Chemicals and reagents 
Malathion dust (5%) (Singhal Pesticides Pvt. ltd., 
Agra), Florisil (The Central Drug House, New Delhi), 
activated charcoal (E. Merck, India Ltd.) and carbon 
tetrachloride (LR, Qualigens Fine Chemicals, Bombay) were 
used. All other reagents used were of analytical grade. 
3. Preparation of stock solution of malathion 
Malathion dust (20 g) containing 5% of malathion was 
weighed in a 100 ml conical flask. 20 ml of ethanol were 
added to it. The contents were thoroughly mixed with magnetic 
stirrer for 5 minutes. The suspension was filtered through a 
Whatman No. 42 filter paper into a 100 ml standard flask. 
Stirring was repeated four times more with 20 ml portions of 
ethanol and each fraction of the suspension was filtered into 
the same standard flask. The volume of the solution was made 
upto the mark with ethanol. 
3. Soil sampling 
AMU soil was collected from the farm of Aligarh 
Muslim University, Aligarh. The Sasni soil was collected 
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from fields of village Sathiya, block Sasni, Aligarh. These 
samples were air-dried, ground to pass through 2 mm sieve 
and stored in glass bottles. 
5. Incorporation of malathion in the soil 
Soil samples (300 g) were taken in 500 ml beaker and 
65 ml solution of malathion in ethanol (4512 pg/ml) were 
added to obltain 190 pg/g level of fortification. Sufficient 
amount of ethanol was added to form a slurry. The contents 
were thoroughly mixed and kept overnight at room temperature 
for drying. The treated soil (80 g) was taken in a tumbling 
jar alongwith fresh untreated soil (720 g) and mixed 
thoroughly by tumbling end-over-end. This resulted in 190 
jjg/g concentration of malathion in soil. Similar procedure 
was followed for 380 pg/g treatment using 160 g of the 
treated soil and 640 g of the fresh untreated soil. 
Triplicate samples of fortified soils (25 g) were 
taken in 50 ml beakers and distilled water (11 ml for AMU 
farm soil and 10.5 ml for Sasni block soil) was added. To 
maintain the soil moisture at field capacity, required 
quantity of distilled water was added on alternate days. The 
samples in triplicate from each soil were drawn at the 
intervals of 0, 3, 7, 15, 30, 45, 60, 90 and 120 days. These 
samples were air-dried, ground and mixed with 0.25 g of 
activated charcoal and 0.50 g of florisil and packed in a 
glass column (50 cm x 1.5 cm ID) containing a 3 cm layer of 
sodium sulphate over a cotton plug. The column was eluted 
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with 200 ml of ethanol for a minimum period of 4 h. This 
single step extraction and cleanup technique removed most of 
the interfering co-extractives and eluent obtained was 
analysed spectrophotometrically for malathion content as 
follows : 
6. Spectrophotometric determination of malathion 
The eluent was collected, transferred into a 500 ml 
distillation flask and the solvent was distilled off at 
80°C. The residue was dried and then dissolved in 10 ml of 
ethanol and transferred into a 125 ml separating funnel. The 
distillation flask was washed with the same volume of 
distilled water. The washings were also transferred into the 
separating funnel and then 2 ml of 3M NaOH were added into 
it. After thorough mixing the contents were acidified with 
4N HNO-, using litmus paper to ascertain the acidification. 
Carbon tetrachloride (10 ml) and 0.06M copper sulphate (2 
ml) was added into the above solution. After thorough 
shaking for 1 minute the carbon tetrachloride layer was 
collected for recording its absorbance at 420 nm against a 
blank. The blank was prepared by extracting aqueous 
ethanolic copper sulphate solution without malathion with 10 
ml of carbon tetrachloride using the above procedure. 
C. RESULTS AND DISCUSSION 
The malathion residues in soil obtained at different 
time intervals are presented in Table 3.1. The initial 
deposits (residues recovered after one hour of application) 
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were 140 and 170 ppm in AMU farm soil and 190 and 300 ppm in 
Sasni block soil at low (190 pg/g) and high (380 pg/g) 
levels of fortification respectively. The residues 
progressively declined with time prescribed beyond 90 days 
in both the soils but became non-detectable during the next 
sampling at 120th day. The dissipation of insecticide was 
faster during the first 45 days as compared to the latter 
period (Figs. 3.1-3.2). In general, the rate of 
dissipation of malathion in both the soils followed the 
first order reaction (Figures 3.3-3.4). Decay model C = 
Cp,e '^  was used to fit the data where C = residues (ppm) of 
malathion in soil at time ' t' ; C^ = initial residues of 
malathion at time 't' = 0; A= rate constant. The 
correlation coefficient was calculated to be -0.95 and -0.97 
for AMU farm soil and -0.94 and -0.92 for Sasni block soil 
at both the levels of fortification and this was significant 
at 1% level. The half-life of malathion was calculated to be 
24.3 and 24.3 days in AMU farm soil and 19.5 and 24.8 days 
in Sasni block soil at both the levels of fortification. 
The difference in the persistence of malathion in these two 
studies may be attributed to the difference in the method of 
application as well as climatic factors. The above 
laboratory experiment was conducted from February to April 
when the temperature and soil moisture levels were quite 
conducive to rapid microbial degradation, besides the 
insecticide was applied on the surface which is subjected to 
rapid loss by volatilization and photodegradation. In the 
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present study, however, the insecticide was incorporated 
into the soil restricting its direct exposure to atmospheric 
losses. 
The dissipation of malathion residues at low level of 
fortification was, in general, significantly faster than at 
high level of fortification (Table 3.1). Similar results 
13 have been reported by other workers for organochlorine 
insecticides. This could primarily be attributed to the 
difference in organic matter content which was 0.6% in the 
former as compared to 0.7% in the latter soil. As reported 
in the literature, the organic matter in soil firmly adsorbs 
the insecticide molecules, rendering them non-available to 
microbial degradation and other losses such as leaching, 
volatilization etc. resulting in increased persistence of 
insecticide. Similar observation was made by Chapman et 
14 
al. They observed that 74% of the initially applied (1 
ppm) deltamethrin remained in an organic soil as compared to 
52% in mineral soil after 8 weeks of treatment. 
86 
Table 3 . 1 : R e s i d u e s of m a l a t h i o n in s o i l 
Days 
appl; 
0 (1 
3 
7 
15 
30 
45 
60 
90 
after 
Lcation 
h) 
AMU 
190 /ag/g 
140 
(12.50) 
80 
(50.00) 
56 
(65.00) 
48 
(70.00) 
34 
(78.70) 
20 
(87.50) 
16 
(90.00) 
12 
(92.50) 
Residues 
Farm Soil 
380 pg/g 
170 
(15.00) 
118 
(41.00) 
74 
(63.00) 
60 
(70.00) 
42 
(79.00) 
32 
(84.00) 
20 
(90.00) 
15 
(92.50) 
in ppm 
Sasni 
190 pg/g 
190 
(5.00) 
120 
(40.00) 
66 
(67.00) 
48 
(76.00) 
34 
(83.00) 
26 
(87.00) 
14 
(93.00) 
6 
(97.00) 
Block Soil 
380 pg/y 
300 
(6.60) 
200 
(42.80) 
190 
(40.5) 
80 
(77.14) 
60 
(82.85) 
50 
(85.71) 
20 
(94.28) 
10 
(97.14) 
120 N.D. N.D. N.D. N.D. 
Figures in parentheses denote percentage dissipation 
N.D. = Non-detectable. 
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CHAPTER - 4 
STUDIES ON ADSORPTION OF CARBARYL AS 
INFLDENCED BY SOM AND OTHER SOIL 
CHARACTERISTICS 
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A. INTRODUCTION 
Carbaryl (1-Naphthyl-N-methyl carbamate, water solubi-
lity 35 mg dm ) is a broad spectrum contact insecticide of 
lovi? mammalian toxicity. It is widely used as a general 
purpose insecticide on more than fifty crops and is 
especially useful on cotton, forages and vegetables. Its 
application rates range from 0.6 to 2.2 kg/ha (0.5 to 2.0 
lbs/acre). 
The adsorption process is important in determining 
the fate and effectiveness of the pesticides in soil 
environment . Earlier reviews relating to adsorption of 
pesticides by soils and soil constituents show that the 
nature and extent of sorption depends upon the nature of 
soil constituents, pesticides and other environmental 
factors, like temperature, soil reaction and soil moisture. 
The fate and behaviour of pesticides in soil are known to be 
influenced by numerous interactions with soil, living and 
inanimate components. Adsorption appears to be one of the 
major factors affecting the movement of pesticides in the 
soil. In the present study, the effects of organic matter on 
the adsorption of carbaryl and their thermodynamic behaviour 
is reported to get more comprehensive information regarding 
nature of adsorption and role of soil separates on such 
adsorption. 
B. MATERIALS AND METHODS 
1. Apparatus and instruments 
pH meter (Model Li-IOT, Elico Pvt. India Ltd.) and 
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conductivity bridge (Type C M82T Systronics), hydrometer, 
stop watch (Racer Swiss made), sieves (British Standard 
Sieves), Bausch & Lomb Spectronic-20 spectrophotometer, 
centrifuge machine (Instrument Mfg. Company, Ajmer),constant 
temperature electrically heated water bath (Tempo India 
Ltd.), vaccum pump (Hyvac). 
2. Reagents 
Carbaryl (97.3%, Union Carbide, U.S.A.) and carbaryl 
dust (50% WDP ; Bhopal Pesticides Pvt. Ltd., Bhopal) were 
used. All other reagents were of analytical grade. 
3. Solutions used 
a) Potassium dichromate (IN). 
b) Diphenyl amine indicator - 0.5 g of diphenyl amine were 
dissolved in a mixture of 100 ml of sulphuric acid and 
20 ml of water and the indicator was stored in a coloured 
bottle. 
c) Ferrous ammonium sulphate (N/2) - 392 g of ferrous 
ammonium sulphate were dissolved in v/ater. 15 ml of sul-
phuric acid were added and diluted to 2L. 
d) Sodium acetate (1 N). 
e) Ammonium acetate (1 N) - 57 ml of ammonium acetate and 
68 ml of ammonia were added to 80 ml of water and the 
volume was made to 1 L. 
f) Sodium oxalate (saturated solution) - 50 g or more of 
sodium oxalate were added to 1 L of distilled water till 
it gave a hydrometer reading of 40-42 at 19,4°c. 
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g) Sodium nitrite (0.3%). 
h) Sulphanilic acid (0.2% in N.HCl). 
i) Sodium hydroxide (4 N). 
j) Hydrogen peroxide (30%). 
k) Ethylene glycol. 
4. Preparation of aqueous solution of carbaryl 
Carbaryl dust (2 g) was accurately weighed in a 250 
ml stoppered conical flask, 200 ml of DW were added and 
agitated well with magnetic stirrer for half an hour. The 
suspension was allowed to settle, the supernatant solution 
was filtered into a 1 L standard flask through Whatman No. 1 
filter paper which was glazed with ordinary filter paper. 
The undissolved residue was stirred again with 200 ml of 
freshly distilled water. The suspension was allowed to 
settle, supernatant liquid was filtered and the process was 
repeated two times more. The volume was made upto 1 L with 
DW and then was mixed well by thorough shaking. This 
solution was used for adsorption studies. 
5. Soil sampling 
Soil samples were collected from two places of 
Aligarh district which lie in the wheat growing tracts of 
India viz. University farm and a private farm of village 
Sathiya, block Sasni, Aligarh. The sampling was made during 
the month of April, 1992. To obtain a composite sample, 
small portions of soil were collected from the desired depth 
(0-15 cm or more) with Khurpi from 10-15 well distributed 
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spots (from each sampling unit i.e. a plot) after scrapping 
off the surface litter. A V-shaped cut (upto the plough 
layer) was taken out. The soil collected in this manner was 
thoroughly mixed on a concrete floor and the bulk was 
reduced by quartering and about 500 g of the composite 
sample was retained. The soil was quickly air dried in shade 
at room temperature and put in polythene bag with suitable 
description and identification marks by tagging. 
6. Determination of physico-chemical properties of the soil 
For the study of some physico-chemical properties the 
farm soils were collected, air-dried, ground and sieved 
through 600 mesh sieve and then the following studies were 
carried out. 
a) Particle size analysis - Particle size analysis was 
9 
carried outby hydrometer method . 
b) Soil reaction (pH) - pH of 1:2 soil suspension in 
distilled water was measured using glass electrode pH 
meter. 
c) Electrical conductivity of saturated extract (ECe) - It 
9 
was measured by electrical resistance bridge . 
d) Organic carbon - Organic carbon was estimated by the 
9 
Walkley and Black method . 
e) Cation exchange capacity (CEC) - CEC was worked out by 
saturating the soil with Na ions at pH 8.2 and 
replacing it with NH ions. Exchangeable Na was 
9 
estimated by flame photometry . 
f) Oxidation of SOM by H2O2 method . 
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g) Specific surface area - Glycol retention method by Dyal 
and Hendricks was used for determining specific surface 
9 
area . 
7. Spectrophotometric determination of carbaryl 
Yuen's spectrophotometric method was used for the 
determination of carbaryl by the following procedure : 
Carbaryl solution was transferred into a 100 ml standard 
flask, 20 ml of distilled water and 5 ml of 0.3% of sodium 
nitrite solution were added and the contents were mixed. 
Then 5 ml of sulphanilic acid were added and after 10 
minutes 10 ml of 16% of sodium hydroxide solution were 
added. A pink colour was observed. The solution was made 
upto 100 ml with distilled water. The contents were 
thoroughly mixed up and then after 10 minutes the absorbance 
was recorded at 520 nm against the blank containing all the 
above reagents except carbaryl. 
8. Standardization of carbaryl solution 
The known volumes of a standard carbaryl solution 
(50-200 jug) were taken, colour was developed and absorbance 
was recorded by using the above mentioned spectrophotometric 
procedure. A calibration curve was made. The molar 
4 
absorption coefficient (€ ) was found to be 2.835x10 . This 
calibration curve was used to standardize the carbaryl 
solution which was found to be 35 pg/ml. 
9. Equilibrium time 
The effect of time on adsorption of carbaryl on soil was 
studied at 25+^ l''C by using the following procedure : 
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Aqueous solution of carbaryl (5 ml), the soil (1 g) 
and distilled water (5 ml) were taken in 10 boilinc,' tubes 
separately. These tubes v/ere placed in water bath with 
intermittent shaking with glass stirrer. After a definite 
period of time, the supernatant liquid was filtered and 
carbaryl was determined spectrophotometrically. The maximum 
absorption was recorded at the 6th h i.e. the time at 
which the equilibrium was attained. 
10. Adsorption isotherms 
The soil sampled g), 1-10 ml of aqueous solution of 
carbaryl and 9-0 ml of distilled water were taken in 
different boiling tubes. These tubes were equilibrated for 6 
h with intermittent shaking with glass stirrer at 5, 25, and 
40+l<»C, in a constant temperature water-bath. The blanks 
were also maintained simutaneously. The slurry was centri-
fuged at 2000 rpm for 5 minutes and the supernatant liquid 
was filtered through a cotton plug, the colour was developed 
as above and then absorbance was recorded at 520 nm. 
The Freundlich isotherms has been used to describe 
sorption of pesticides by soils using the formula : 
x/m = kc ' (1) 
where, x/m is the amount adsorbed per unit mass of adsorbent, 
c is the equilibrium concentration of adsorbate in solution, 
k and n are constants dependent on the nature of adsorbate, 
adsorbent and temperature of the system, and putting the 
equation in logarithmic form 
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log x/m = log k + 1/n log c (2) 
According to this equation a plot of log (x/m) 
versus log c is a straight line, and the constants may be 
evaluated from the slope n and the intercept log k. The 
Freundlich isotherm is purely emperical in nature. 
C. RESULTS AND DISCUSSION 
The physico-chemical properties of the soils used in 
the present investigations are recorded in Table 4.1. The 
plots of log c versus log x/m are shown in Figs. 4.1-4.4. 
The physical constants of Freundlich isotherms for carbaryl 
sorption in soils are summarized in Table 4.2. The plots of 
concentration versus amount of pesticide adsorbed are shown 
in Figs. 4.5-4,8. The values of thermodynamic parameters 
associated with adsorption of carbaryl are summarized in 
Table 4.3. 
The amount of carbaryl sorbed by these two soils was 
correlated with eight physico-chemical characteristics of 
the soils (Table 4.1). From the percentage of mechanical 
separates the soil can be categorized as sandy loam. The 
data recorded in table 4.1 show that soil samples are saline 
in nature. 
The adsorption of carbaryl by untreated soils as well 
as organic matter-free soils was found to obey the 
Freundlich equation (eq. 1) over low concentration range. A 
linear relation is obtained when log (x/m) is plotted 
against log c for each sample under the present 
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investigation (Figs. 4.1-4.4) where slope and intercept 
provide values of 1/n and k respectively (Table 4.3). 
The magnitude of k expresses the relative sorption capacity 
for the adsorbate for systems having comparable 1/n values 
12 
and extent or degree of adsorption 
The isotherms (Fig&. 4.5-4.8) for carbaryl are 
13 
close to S-type . The nature of the isotherms indicates 
that sorption in soil is a complex phenomenon and shows the 
interactions of adsorbate (pesticides) with different types 
14 
of adsorption sites having different surface energies . The 
upward nature of curves indicates that after complete 
adsorption the adsorbate molecules attract each other and 
associate on adsorbent surface. 
The values of k and 1/n are presented in Table 4.2 
for different adsorbate-adsorbent interactions at different 
temperatures. 
The higher adsorption by untreated 'B' soil is due to 
its higher organic matter content and high clay content is 
responsible for its higher retention of pesticides in 
comparison to the other soil. The untreated soils possess 
higher k values than the organic matter free soils. 
The higher k values for 'A' soil indicate higher 
affinity of pesticide for mineral surfaces. Similar reports 
are available from earlier studies . 
The values of 1/n are less than unity, and are higher 
for adsorption of carbaryl by organic matter free soils than 
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those for adsorption by untreated soils (Tables 4.1 and 
4.2). The values of k and 1/n decrease with decreasing 
percentage of organic matter in both the soils A and B i.e. 
values of k and 1/n are higher on untreated than those on 
treated soil (O.M. free soils). Hence it is clear that the 
O.M. plays an important role in the adsorption of carbaryl 
(Table 4.1 and 4.2) . 
The changes in the standard free energy ( Z\ G°), 
enthalpy ( AH") and entropy ( A S° ) were evaluated from the 
adsorption data'^ ^ at 40, 25 and 5°C using equations (3), 
(4) and (5), 
A G ° = -RT In KQ .... (3) 
A H ° = 2.303 X R X slope ..-• (4) 
As° = ^H" - ^G° (5) 
T 
Table 4.3 shows that ( A G ° ) values are small and 
negative for all the adsorbate-adsorbent interactions. It 
varies from -14 to -16 KJ mol and increases, in most 
cases, with decrease of temperature, indicating spontaneous 
nature of the adsorption processes. Similar results were 
17 
available from earlier studies . The values of A H ° are 
small and negative indicating physical type of 
adsorption . The values of As° lie between 63.54 and 76.48 
JK mol" . Such values suggest that the adsorbate molecules 
are somewhat ordered on the adsorbate surface. Similar 
results were obtained from earlier studies ' ' . The 
deviations from such molecular association are indicated by 
the positive values of As°. Similar evidence was obtained 
18 from earlier studies 
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CHAPTER - 5 
PERSISTENCE OF CARBARYL 
RAJASTHAN SOILS 
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A. INTRODUCTION 
Carbaryl (1-Naphthyl-N-methyl carbamate) is a broad 
spectrum contact insecticide widely used as a general 
purpose insecticide on more than fifty crops especially on 
cotton, forages and vegetables. It is relatively a safer 
chemical of low mammalian toxicity (LD rat = 400-850 
mg/kg). It is slightly soluble in water (<0.1%). 
The literature survey shows that a considerable work 
has been done in the area of pesticide adsorption and 
2-8 9 
persistence in soils . Ramkrishna Param has studied the 
fate of carbaryl, phorate and trideraorph in some soils of 
Karnataka. It has been found that under non-flooded 
conditions carbaryl and tridemorph degraded faster in saline 
and black soils than in red and laterite soils. Leaching 
loss of carbaryl and phorate was more in red and laterite 
than in black and saline soils. Saline soils adsorbed 
highest quantities of carbaryl, followed by black, laterite 
and red soils. The previous work carried out in this 
laboratory shows that the adsorption of malathion and 
carbaryl on loamy sand soils is dependent on temperature, 
organic matter and clay contents of the soils. The persis-
tence of malathion was more in Sasni block than in AMU farm 
soil. 
Therefore, m continuation of our previous work , 
this study was undertaken to evaluate the persistence of 
carbaryl in soils of Rajasthan under laboratory conditions 
at moisture level of field capacity. 
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B. MATERIALS AND METHODS 
1. Apparatus and instruments 
pH meter (Model Li-IOT, Elico Pvt. India Ltd.), 
hydrometer, stop watch (Racer, Swiss made), sieves (British 
Standard Sieves) and Bausch & Lomb Spectronic-20 spectro-
photometer were used. 
2. Chemicals and reagents 
Carbaryl dust (50% WDP, Bhopal Pesticides Pvt. Ltd.), 
chloroform (LR, Qualigenes), methanol (LR, Qualigenes), 
florisil (The Central Drug House, New Delhi) and activated 
charcoal (E. Merck, India Ltd.) were used. All other 
reagents used were of analytical grade. 
3. Preparation of stock solution of carbaryl in chloroform 
Carbaryl dust (2 g of 50% carbaryl; Bhopal Pesticides 
Pvt. Ltd.) was taken in a glass stoppered 250 ml conical 
flask and it was agitated with 200 ml of DW for half an 
hour. The suspension was transferred into a 250 ml 
separating funnel, the conical flask washed twice with 10 ml 
of distilled water and the washings were transferred into 
the separating funnel. The carbaryl was extracted with 25 ml 
of chloroform. The extraction was repeated with two more 25 
ml portions of chloroform. The chloroform layer was filtered 
through the cotton plug and all the three portions were 
collected in a beaker, evaporated to dryness and the 
residue was dissolved in 50 ml of methanol. The solution 
was transferred into a 100 ml standard flask, made upto the 
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mark with methanol and stored at 40°C. 
4. Soil sampling 
Soil samples differing in their physico-chemical 
properties were collected from the two places of Rajasthan 
viz. Jaipur and Banswara during the month of April. These 
samples were air-dried, ground to pass through 2 ram sieve 
and stored in glass bottles. 
5. Incorporation of carbaryl in the soil 
Soil samples (300 g) were taken in 500 ml beaker and 
65 ml of carbaryl in methanol (1% solution) were added to 
obtain 17.24 |ug/g level of fortification. Sufficient amount 
of methanol was added to form a slurry. The contents were 
thoroughly mixed and kept overnight at room temperature 
(35_+5°C) for drying. The treated soil (80 g was taken in a 
tumbling jar alongwith fresh untreated soil (720 g) and 
mixed thoroughly. This resulted in 17.24 pg/g concentration 
of carbaryl in soil. Similar procedure was followed for 
34.48 jug/g treatment using 160 g of treated and 640 g of 
fresh untreated soil. 
Triplicate samples of fortified soils after each 
treatment (25 g) were taken in 50 ml beakers and distilled 
water (8 ml for Jaipur sandy soil and 15 ml for Banswara 
black cotton soil) was added to each beaker for maintaining 
the soil moisture at field capacity. The moisture level was 
maintained at field capacity by adding required quantity of 
distilled water on alternate days. Samples in triplicate 
from each soil and treatment were drawn at the intervals of 
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0, 4, 8, 16, 30, 45, 60 and 75 days. These samples were 
air-dried, ground and mixed with 0.25 g of activated 
charcoal and 0.50 g of florisil and packed in glass column 
(62 cm X 1.2 cm ID) containing a 3 cm layer of sodium 
sulphate over a cotton plug. The column was eluted with 
chloroform-diethyl ether (1:1) (40 + 30 + 30 ml) for a 
minimum period of 2 h. The organic solvent fractions from 
the three extractions were pooled and evaporated to dryness 
at room temperature. 
This single step extraction and clean up technique 
removed most of the interfering co-extractives and eluent 
obtain-^ d was analysed spectrophotometrically for carbaryl as 
follows: 
6. Spectrophotometric determination of carbaryl in soil 
The eluent so dried was dissolved in a known quantity 
of methanol (20 ml) i.e. two 10 ml fractions of methanol and 
transferred into a 100 ml standard flask. 20 ml of DW and 5 
ml of 0.3% sodium nitrite solution were added and then 5 ml 
of sulphanilic acid were also added. The contents were 
mixed, left for 10 minutes and 10 ml of 16% sodium hydroxide 
were added and then the absorbance was recorded on 
Spectronic-20 at 520 nm against a blank containing all the 
reagents except carbaryl. 
C. RESULTS AND DISCUSSION 
The carbaryl residues in soil obtained at different 
time intervals are given in Table 5.1. The initial deposits 
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(residues recovered after one hour of application) were 12.6 
and 25.92 ppm in Jaipur sandy soil and 12.86 and 26 ppm in 
Banswara black cotton soil at low (17.24 jag/g) and high 
(34.48 pg/g) levels of fortification, respectively. The 
residues progressively declined beyond 60 days in both the 
soils but became non-detectable during the next sampling at 
75th day. The dissipation of insecticide was faster during 
the first 8 days as compared to the latter period (Figs. 
5.1-5.2). In general, the rate of dissipation of carbaryl in 
both the soils followed the first order reaction (Figs. 
5.3-5.4). Decay model C = C e was used to fit the data: 
where C = residues (ppm) of carbaryl in soil at time 't'; C 
= initial residues of carbaryl at time 't' = 0; A= rate 
constant. The correlation coefficient was calculated to be 
-0.97 and -0.98 for Jaipur sandy soil, and -0.94 and -0.98 
for Banswara black cotton soil at both low and high levels 
of fortification respectively and this was significant at 1% 
level. The half-life of carbaryl was calculated to be 10.0 
and 10.81 days in Jaipur sandy soil and 14.0 and 15.75 days 
in Banswara black cotton soil at 17.24 and 34.48 ug/g levels 
of fortification, respectively. The difference in the 
persistence of carbaryl in these two studies may be 
attributed to the difference in the method of application as 
well as climatic factors. The above laboratory experiment 
was conducted from June to August when the temperature and 
soil moisture levels were quite conducive to rapid microbial 
degradation, besides the insecticide was applied on the 
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surface which is subjected to rapid loss by volatilization 
and photodegradation. In the present study, however, the 
insecticide was incorporated into the soil restricting its 
direct exposure to atmospheric losses. 
The dissipation of carbaryl residues at low level of 
fortification was, in general, significantly faster than at 
high level of fortification (Table 5.1). Similar results 
13-14 have also been reported by other workers for organo-
chlorine insecticides. This could primarily be attributed to 
the difference in organic matter content which was 0.44% in 
the former as compared to 1.05% in the latter soil. As 
reported in the literature, the organic matter firmly 
adsorbs the insecticide molecules, rendering them non-
available to microbial degradation and other losses as 
leaching, volatilization etc. resulting in increased 
persistence of insecticide. Similar observation was made by 
Chapman et al. They observed that 74% of the initially 
applied (1 ppm) deltamethrin remained in organic soil as 
compared to 52% in mineral soil after 8 weeks of treatment. 
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Table 5.1 : Residues of carbaryl in soils 
Days after Residues in ppm 
application 
Jaipur Sandy Soil Banswara Black Cotton 
Soil 
17.24 pg/g 34.48 pg/g 17.24 mg/g 34.48 pg/g 
0 (h) 12.60 
(26.91) 
4 9.60 
(43.85) 
8 6.24 
(63.80) 
16 5.04 
(70.76) 
30 3.20 
(81.43) 
45 0.56 
(96.75) 
60 0.12 
(99.30) 
75 N.D. N.D. N.D. N.D, 
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Figures in parentheses denote percentage dissipation, 
N.D. = Non-detectable 
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